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A. — Conerete sleepers 


Since the ninth Congress (Rome 1922), 
experiments have been continued and 
much study given in various parts of the 
world, covering the subject of reinforced 
concrete cross-ties (sleepers) for rail- 
road track construction. These exper- 
iments have covered many different de- 
signs, of which only a few have been sa- 
tisfactory from a physical standpoint, 
though length of service is insufficient 
to draw definite conclusions as to life, 
and none are recommended for general 
use, due to high cost. It is apparent 
that these experiments and studies have 
failed to develop a reinforced concrete 
tie which can be considered satisfactory 
or which can hope to compete with the 
treated wooden ties now so universally 
used. ; 

A canvass was made in the form of a 
questionnaire sent to ninety-nine re- 


presentative railroads and fifty-six ans- 
wers were received. These answers are 
divided between the various geographic 
sub-divisions as follows : 


Canvassed. Answered, 
Africa . 
Argentina . 
Australia . 
Brazil 
Canada . 
Ceylon . 
STi Soe 
China 

Great Britain . 
India. 
Ireland . 
Japan 
Malaysia 
Mesopotamia . 
Salvador 
United States. . 3 
Uruguay 
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() This question runs as follows: « a) Investigation into the respective merits of the different designs of 
concrete sleeper ; b) Concrete and reinforced concrete buildings. » 


(255 


“ 


O 


‘ 


Sdiy2 euops Sp4ed ines of pues 


spied om of fu@elue? 141ed BUD :SUOyIOdeI Bfe42UOD 
FLON 


NOILVATTS FOS 


Lote 


‘ 
_nhe 


--lL-. 


Bore 85 
| - 


“pueferT “saqytuWOT) saTyUNOD Tay\ZON 


Hype lu /xeidde O/ = ee 


EY 1 Uelua7 -~1eJOf 
OUITYOA hig QUYS AS oe Sf le SNA, O, Pues 

G{480 OMf Of fueluler pied 29 Slo todosd a4a.49l109 
vadaas 


MY2 0330,9 bul1,2 Sed o, auos Uayosg YsE//E7 
PEOUI/OG PIPUYS dSYLMg pieh ted Sq) op = 7° £Ye1ayf 


WULid = F420 40 buisedg 
MEP pEUuefses SEY? FIELIPID 


‘STLON 
erisA 


‘SY0q bue/ to gels hg um 


‘Kemprey ysyjoog pue puerpryy ‘wopuory 


NOLLDIS F 
ee Pier 
(Ea 


ea 


‘( 


ad4y 77 A ») 


Jadae[s 2ya10000 peosojated “DON UW — °2 “Sig 
AA NOWLOICS 


: ee) ee 


Reon 


Gal tae a eh 
yA 


ue 


. | 
eee ete Rata ee 


[a LAs 7U, SILYC 9/sy¥— 


e D 
| §, SONLICS Psi +| 


+— —y sdaunc 9f sN—— + 


NOILVAT TZ 


6 Site oe 


yee eg peas 
eer vOl — —te- — — WIT Ee 


Pw a V2 hg eG op ole gph al 


DHE — | 


Shee fags foo eam 


[AA€19 - fS2//29 ; ee 

weip,F yeAesb ‘ : 
Sled Z/ Of pues spied Z7 of pueluer 1107 | -XIp 2f242U0D f 
JLON ‘ 


Me ; c br a 
/ _ [eee pasn jie4 jo yybiem__ am 
epgerseg et “eden | yee SLIEA B2UELSIT om ce AS a 


ae ee ee OF — — — — — — To aman s « —- 


ee eee 


‘peorjyiVy wsaysem pue yoror ‘ur8[q ‘em ayoroMOD « soyeg » — *F “SIA 
WALA 
b/ fle Ecigiel 


[PALO - {56//EY . 
elYls Sp1ed b21y) of pues spred 
OM of uals? sled 2up:$uoljsodosd WesDUQ? 


SALON 


NOILVAT TF 


¥ 
: NYTd ON 
. Sm 29 a Bile ae 
(2 ar 

= 

a 

in 

wy! 


? : 


‘AUNT YNowsyog pue yoJoN ‘1 oyesou0 uo 
‘S4epuly pue pues :4SE/Eg 


¥-¥ NOLLOIS pt ole 


§-9 NOILILS 


[tes wey Feme 
HEY pi PPIS UO 3g a 
30y Wue/)_p~ Sejulel/ > 


“peorrey evlueatAsuueg ‘ot ajatou00 « uMOIgG » — ‘9 ‘SIT 


Gf NOLLDTS . 


Nin 45 / 
7a 
Peete 


SUBPUID “BUOLS :ASE/EG 
jeseib spied pz of pues 
sfsed p/ of fUelltes f4ed aug :suonsodesd 2fB/2U0D 


SALON 


NOLLVATTI 


MailA GNI YY! f -P,£ 


bui240juied JeLds 


is Zee 
bu) ,6 aylds: 
YB PY, nd ae —211— 
al 
p< 
YEO PH0S0ed) 
MIOTE IHldS 
a NYTd 
& ie - = can tee 7 a a 
‘u UPMBDIOSUIEL JEMOG: eq olf Lede, aYfder 
b : z OEE NIRS BLISS: 
= NaS 6 Rh, 
ee t ws) ie } 
welt et Sh ire = Sp Eape=s NS eal 
weer yoag axyidG 7 SEG FE 404 DI" 


tO) OU fe 


apa 


—S se 
— rc rrr rh rh 


Buwsjyseq [ey Wy Jo sprejog 185 en 


SSNS 


ASSSSNSS 


U6 y202 jo pur LP ‘4 
Jamo) ueau viedg £ 949 ug paonds 
Buy 6 5409 bf 


444 
I—9 


Of the fifty-six railroads from which 
answers were received, twenty-two report 
that experiments and studies have been 
made, and thirty-four report no exper- 
ience. The twenty-two reporting exper- 
ience with reinforced concrete ties are 
divided geographically as follows : 


Ceylon . 
China 


India 2 
Treland . 4 
JA ane ee eee ees <4 
Iinited=States. = sored. 40 44 


In addition to the foregoing, the re- 
sults of other tests have been compiled 
and a summary of the results of these 
tests, divided between the various geo- 
graphic sub-divisions and railroads, is 


Sore 


Great Britain. as follows : 


RS 


— oie Average life. Result. 
SE A TE CE NY EE I | ARIE SIGS BERD TE CD TEL IE EDIE IEA EI LIE LEE ELL OL OE DE! IES EEE IEE ACEI TER ETOCS ST 
Ceylon. 
Ceylon Government Railway . 2 600 4 years. Unsatisfactory. 
China. 
South Manchuria Railway No data. No data. Unsatisfactory. 
Great Britain. 
Great Western Railway 196 7 years. Unsatisfactory. 
London & North Hastern Railway . Few 7 years. Unsatisfactory. 
India, 
Eastern Bengal Railway . Few No data. No data. 
East Indian Railway (fig. 1) Few. ~ 8 years. Unsatisfactory. 
Treland. 
London, Midland & Scottish Railway (North- 
ern Countries Committee) (fig. 2) . 86 11 years. Unsatisfactory. 
Japan. 
Government Railways 150 No data. No data. 
United States. 
Atchison, Topeka & Santa Fe Railroad . 180 8 years. Unsatisfactory. 
Atlanta & West Point Railroad, The Western 
Railway of Alabama; Georgia Railroad. 12 No data. No data. 
Baltimore & Ohio Railroad 30 CT -yearcsis- Unsatisfactory. 
Bangor & Aroostook Railroad (fig. 3) 69 Theservaceweimce Satisfactory. 
1923. 
50 No data. Shattered by a derail- 


Detroit, Toledo & Ironton Railway . 
F ment. 
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: o | pe ee | Arerage life. Ftesult. 
Duluth & Iron Range Railroad. . . . . 11 5 years. Unsatisfactory. 
filgin, Joliet & Eastern Railroad (fig. 4) . 62 In service since Satisfactory. 
: 1912. 
Hocking Valley Railway... . . .. Few. No data. No data. 
Kansas City Southern Railway... . . 27 5 years. Unsatisfactory. 
Lake Brie & Western Railroad . 5 17 years. Unsatisfactory. 
Long Island Railroad 33 4 years. Unsatisfactory. 
Los Angeles Railway . 4 300 16 years. Unsatisfactory. 
Norfolk & Portsmouth Belt Line (fig. 5) 138 In service since Satisfactory. 
1919. 
Pennsylvania Railroad (fig. 6) . 25 000 No data. No data. 
Pere Marquette Railway ........ 1 S00 In service since Satisfactory except wood 
1902. | blocks need renewal 
after 12 years. 
Southern Pacific Lines . 100 ll years. Unsatisfactory. 
Terminal Railroad Association of St. Louis. 10 5 years. Unsatisfactory. 


The above résumé covers physical qual- 
ities only, and it is noted that none of 
the railroads reporting find the concrete 
cross-tie satisfactory from an economic 
standpoint, due to their high cost as com- 
pared to treated wooden ties. The main 
objections to concrete cross-ties, in ad- 
dition to their high cost, seems to lie in 
their failure to withstand the shock and 
vibration of heavy traffic, the failure of 
the fastenings and blocking, lack of insu- 
lation between rail and tie, together with 
gradual weathering and disintegration of 
the concrete. 


A concrete tie to be satisfactory must 
embody the following requirements : 


a) Sufficient strength to withstand the 
shock and vibration of heavy traffic; 


b) A satisfactory fastening for the rail 


or chair; one that does not require too 
much attention and is simple and easy 
in its adjustments. Provision must be 
made so that shimming between rail and 
tie can be readily accomplished; 


c) Where track circuits are used, ade- 
quate and reasonably permanent insula- 
tion must be provided between the rail 
and the tie to insure positive operation 
of signal system at all times and under 
varied weather conditions; 


d) A roughened surface in contact 
with the ballast to overcome the lessened 
frictional resistance of concrete as com- 
pared to wood; 


e) Provision for anti-creepers properly 
insulated to prevent leakage of electric 
current where track circuits are used 


_—=:* 
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and at the same time applied so as not 
to cause the tie to roll; 

[) A life equivalent or commensurate to 
that of treated wooden ties to justify use 
of concrete ties from an economic stand- 
point. In other words, if the concrete 
cross-tie costs twice as much as_ the 
treated wooden cross-tie, it should have 
a life approximately twice the life of the 
wooden cross-tie. 

A study of the data submitted for the 
territory in question indicates that a 
concrete cross-tie has not yet been tried 
which will meet the above requirements. 
It is noted particularly that many rail- 
roads report that detail experiments have 


not been made for the reason that a study | 


of the subject has forced them to the 
conclusion that with treated wooden 
ties at their present price, there would 
be no economy in the use of reinforced 
concrete. This conclusion is further in- 
fluenced by the fact that a satisfactory 
design is not available. It is essential 
that experiments be continued to develop 
a satisfactory design. Improvements in 
materials used and methods of manufact- 
ure must be studied to develop longer 
life, and standardization and quantity 
production relied upon to secure reduced 
cost. 

A detail of the canvass is submitted 
herewith in table I, arranged alphabe- 
tically by geographic sub-division, and 
in table II, arranged alphabetically by 
trade names of ties used. Details of the 
many designs of concrete ties that have 
been experimented with cannot be given, 
for lack of space, but figures 1 to 6 show 
details of typical and representative de- 
signs, some of which have been favour- 
ably reported. 

In connection with the report received 
from the Pere Marquette Railway, mention 
was made of an interesting experimental 


installation of reinforced concrete road- 
bed. Figure 7 illustrates the design. 
Installation was made in December 1926 
and is reported recently as giving satis- 
factory results. About one-quarter mile 
of track was constructed at Beech, Michi- 
gan. Concrete of 4 000 lb. per square inch 
strength was used, mixed and placed in 
accordance with latest specifications bas- 
ed on water-cement ratio theory, using 
3-inch to 4-inch slump. The location is 
one that will impose a thorough service 
test. The concrete roadbed is in the 
westbound track of the double track 
main line between Detroit and Plymouth 
and will carry all passenger and freight 
traffic on the Pere Marquette from De- 
troit to Chicago and points in western 
and northern Michigan. Santa Fe type 
locomotives, weighing 321 000 Ib.(264 000 
lb. on the five driver axles), are used on 
this section of the railroad. The design 
of the road-bed is novel in that no cush- 
ion is provided between the rails and the 
concrete substructure. A thin sheet of 
bituminous felt is placed under each 
rail, solely to provide insulation and to 
compensate for minor irregularities in 
the bearing surfaces of the steel and the 
concrete. This construction is some- 
what in line with the concrete road-bed 
used with satisfactory results on the New 
York Central at its terminal in New York 
City, though the elimination of the 
wooden blocking and its use for high 
speed operation presents a novel and in- 
teresting departure. 

The New York Central reports the re- 
cent completion of about three miles of 
reinforced concrete road-bed as perma- 
nent construction at Buffalo, N. Y. De- 
tails of this construction are indicated 
on figure 8. This installation is part of 
the station improvement for the new 
« Central » station and was installed pri- 
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marily for sanitary reasons, to facilitate 
cleaning and reduce maintenance costs. 
The construction is provided on all of 
the station tracks and is for slow speed 
passenger traffic only. The heaviest 
New York Central passenger equipment 
will operate over this section; namely, 
the new « Hudson » type locomotives, 
343 000 lb. total weight, with 182000 Ib. 
on the three driver axles. 


SUMMARY AND CONCLUSIONS. 


A study of the detail reports received 
from the various countries indicates that 
reinforced concrete cross-ties (sleepers) 
are still in the experimental stage and 
have not up to the present time proven 
a satisfactory or economical substitute 
for treated wooden cross-ties. Insofar 


as the countries covered in this report 
are concerned, namely, Africa, Argen- 
tina, Australia, Brazil, Canada, Ceylon, 
Chili, China, Great Britain, India, Ire- 
land, Japan, Malaysia, Mesopotamia, Sal- 
vador, United States and Uruguay, while 
many different designs of reinforced 
concrete cross-ties have been tried, none 
have proven entirely satisfactory. How- 
ever, experiments are being continued 
covering the sleeper construction as well 
as the reinforced concrete roadbed, and 
it is believed that in the light of past ex- 
perience, a satisfactory design will be 
evolved. It appears, however, that the 
use of such construction will have to be 
for other reasons than economy, except 
in a few countries where wooden sleep- 
ers are scarce or relatively more costly. 


446 
[14 


Detail result of canvass arra ng 


NAME AND MANUFACTURER. Used by. 


Ceylon. 


Baker's timeproof sleeper, Concrete Railway 
Sleepers Co., Ltd., 2, Deans Yard, The 
Sanctuary, Westminster, 8S. W. I. 


Ceylon Government 
Railway. 


J. J. Finlayson, District Engineer. . Ceylon Government 


Railway. 


« Stent’s Patent » (made in Delhi). D. H. 


Ceylon Government 
Stent, c/o Messrs. Bird & Co. Calcutta. 5 


Railway. 


| China, é 
South Manchuria Railway . 


Saath Manchuria ~ 
Railway. 


| Great Britain, 
| Marriott sleepers . 
; 


ce . Sa Chey 


.| London & North Eastern| 
Railway. 


London & North Eastern 
Railway. be 


. . . 


| Ring type a 5 eee ; : : . : : 
| 


Stent sleeper . . 


as 


Taunton Division, reinforced conerete slee- | Great Western 


gh at 


a . “ee _ 
t ‘ . ‘ ~ 


- +] London & North Hastern| 


Proportion. 


No data. 


3 stone, 
1 1/4 sand, 
1 cement. 


No data. 


TA 


Weight. 


No data 
No data. 


No data. 


No data. 


Iphabetically by geographical sub-division. 
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Duration of test 


or service. 


Result. 


Remarks. 


Neen eee 


Average 2 years. 


Average 


over 5 years. 


Over 4 years. 


Recently. 


9 years. 


Not 6 months. 


Less than 1 year. 


From 2 to 1] years. 


12 years. 


No data. 


8 years. 


| 


500 ties under 80-lb. and 88-lb. 
Few failures. Riding easy and 
Mixed traffic. 


Used 
rail. 
no wear on rail. 


Used 1600 under 80-lb. and 88-lb. rail. 
Few failures. Riding easy and no 
wear on rail. Mixed traffic. 


Used 500 under 80-lb. and 88-lb. rail. 
Few failures. Riding easy and no 
wear on rail. Mixed traffic. 


No upheaval due to cold and no destroy- 
ing due to running of trains. 


Used on slow line, but when tried on fast 
line would not stand express traffic. 
On slow line ties stood fairly well, 
except those on each side of rail joint. 


Conerete broke and 
reinforcement. 


crushed—exposed 


Used on low and high speed tracks. 
Freight and passenger traffic. 


Used 196 ties under 80-lb. and 92-lb. 


rail on main and branch lines. All 
ties were failures. 
Used on branch and main lines. Con- 


erete blocks none the worse for wear, 
but tie bars corroded and a numbe 
were replaced. ; 


No data. 


Few used under 88 1/2-lb., 90-lb. and- 


100-lb. rail. Subject to heavy loads 
and high speed. Some removed due 
to breaking. Gave excellent running. 
Not used as standard. 


Manufacture not entirely satisfactory. 
Reinforcement bars became exposed on 
surface of sleeper. 


Too soon to recommend use of concrete 
sleepers. 


Too soon to advocate use of concrete 


sleepers. 


Not satisfactory — very hard to handle. 


Not satisfactory. 


Not satisfactory. 
Not satisfactory. 


Not recommended. 


Not satisfactory. 


Few were used. 


More expensive to install due to greater 
weight and hard to handle. Require 
less attention. When first used after 
the war were economical, but now first 
cost is higher than wood ties. Saddle 
is the weakness of Green-Moore tie. 


I—16 
TABLE I. 
NAME AND MANUFACTURER. Used by. _ Proportion. Weight. 
Ireland. 
M. R. N. C. O. reinforced concrete sleeper . London, Midland 1 cement, Type < O », 
& Scottish Railway, 2 sand, 545 Ib, 
Northern Counties 4 stone. Type « T 9, 
Committee. 553 Ib. 
Japan. . ‘ . 
Fukagawa type... . . . +... . «{ Government Railways. 1 cement, 372 Ib. 
2 sand, 
4 gravel. 
United States. : as fi 
American concrete tie, originally known as | Norfolk & Portsmouth No data. 673 lb. 
the « Dickey Tie >. 2 ; Belt Line. pies SG 


lies F 
| American ena sae: originally known as | 
_ the « Dickey ies 


ree 


] 
2 
ie 
| 
| 

fi 
ie 


American concrete tie, originally known as | Norfolk € Portomouth ‘ 
aaie < Diy Tie >. , 


sontinued.) 


duration of test 


Peo 
: Result. Remarks. 
or service. 


a a 


cerage 11 years.} Used 86 under 85-lb. rail. Freight and No failures in 36 ties of the 86 installed. 
passenger service. Slow and _ high Those that failed seemed to be poorly 
speed. mixed. Recommend concrete ties only 
when they become an economic pro- 
peeeeog due to increased cost of tim- 
er. . 


About 2 years. Used 150 under 60-Ib. rail. Installed | Track keeps better alignment. Principal 


_ March 1927. Low speed freight traf- defect lies in difficulty of fastening 
fic. 5 % of total number installed rail, but this type overcomes that 
failed due to defective workmanship. trouble. 


Smooth riding. 


6 years. Used 18 ties under 85-lb. rail on yard 
tracks and heavy switching service. 
Installed 4 June 1919. Ties in good 
condition 6 October 1925. 


Should last indefinitely. 


2 years. Installed 100 ties 18 September 1923. 
By 6 October 1925 nine were broken 
due to not being built according to 
specification. Remaining 91 in -good 
condition and giving good service. 
Used on heavy freight service exclu- 
sively. 


Giving good service. 


2 years. Installed 20 ties 20 October, 1923. 6 Oc- 
tober, 1925 all were in good condition 
and giving good service. Used on 
heavy freight service exclusively. 


Giving good service. 


17 years. Used 62 ties under 85-lb. rail. Heavy 
freight service. No failures. More 
solid riding. Installed May 1912. 
All in service on 29 June 1928. 


Make no recommendations at this time. 


20 years. Installed 5 ties in August 1903. By 
August 1923 they were all in very bad 
condition. Removed on 18 June 1924. 


3 years. Used 510 under 130-lb. rail on heavy = is 
freight service. Installed in 1925 and 

are still in service 27 September 1928 ee 
except 46 which failed due to break- = 
ing. 


ee 2 
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' TAB 
See e 
NAME AND MANUFACTURER. Used by. Proportion. Weight. 
« Casey » concrete tie (revised design). Pennsylvania Railroad 1 cement, 600 Ib. 
« Brown » Concrete Tie Company, Pitts- (Eastern Region). 1.8 sand, 
burgh, Pa. 2.4 gravel. 


intinued.) 


eS, 


nration of test 


; Result. Remarks. 
1 or service. 


Renee eS SS SS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS 


| 1/2 years. Installed 3006 ties in freight track in 
July 1927 under 130-lb. rail. Heavy 
service. On 10 April 1928, 40 ties 
showed tension cracks, not serious. 
1] ties showed serious cracks, breaks 
or crushing. 


Installed 1 486 ties in freight track July 
1927 under 130-lb. rail. Heavy ser- 
vice. In April 1928, 70 ties showed 
slight tension cracks, not serious. 
16 ties showed serious cracks, breaks 
or crumbling. 


Installed 517 ties in main track July 
1927 under 130-lb. rail. Heavy sev- 
vice, exclusively freight. On 3 May 
1928, 29 ties showed slight tension 
eracks, not serious. 12 ties showed 
serious breaks and cracks. 


Installed 970 ties in main single track 
July and August 1927 under 130-lb. 
rail. Heavy mixed traffic. In May 
1928, 21 ties had developed serious 
eracks or fractures. 


Installed 1 986 ties in main single track 
under 130-lb. rail in July and August 
1927. Mixed heavy service. In May 
1928, 22 ties had developed serious 
eracks or fractures. 


Installed 1993 ties on main single track 
in July and August 1927 under 130-Ib. 
rail. Heavy mixed traffic. In May 
1928, 21 had developed serious cracks 

~ or fractures. % 

5 years. Used under 80-lb. rail. Light switch- Badly broken up. 

ing yard service. 10 put down in ‘ 
1920. Taken up 1925. 


Several years. Used 12 under 90-lb. rail on main track, Good service. 
high speed freight and passenger. | - 
Put in 20 June 1927. 


11 years. Used 8 ties on main track. Installed | Failed to hold track in.surface as well 
21 November 1912 and removed 4 Jan- as wood ties. ‘ 
uary 1924, All were broken through 
under one or both rails. 
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NAME AND MANUFACTURER. Used by. ~ Proportion. — 


Na ae eS OREO. >) OPaI, amr tc Duluth & Iron Range 1 cement, 


Railroad. 2 sand, 
2 1/2 stone. 
Ickes concrete tie, Chanute, Kansas . . . Atchison, Topeka No data. 
& Santa Fe Railroad. 
The American Oonorete Tie Oo. . . . . +) Kansas City Southern | No data. 
Railway. 


Kimball concrete tie. . . . .- . . =~ | | Pere Marquette Railway. No data. 


te ‘ 


al 


|| King foreign concrete tie . . . . . « .] Long Island Railroad. | No data. 


‘Maine Concrete Railroad Tie Co., Corrina, 
Maine. ; 


630 Ib. 


sration of test 


/or service. 


) 1/2 years. 


3 1/2 years. 


garly 8 years. 


27 years. 
4 1/2 years. 


5 years. 


6 1/2 years. 


16 years. 


Result. 


Used 11 ties under 80-lb. rail, slow 
speed, heavy traffic, freight track. 
Installed in August 1923. None have 
failed to date 12 October 1928. 


Used 7 ties on passenger sidetrack. 
Installed 8 December 1915. Last one 
removed 27 June 1919. All failed by 
breaking up. . 


Used 27 ties in main line track in 1921. 
17 failed in short time and were re- 
placed in October 1922 on an industry 
spur. By 1 August 1924, 6 were cracked 
through the center, 2 near the bearing 
surface, and 2 more were cracked else- 
where. Used under light traffic and 
80-lb. rail. 


Used 1800 under 75-lb. and 90-lb. rail. 
Installed in 1901 and 1902. Slow 
speed passenger service. 


Used 33 ties under 100-lb. rail. Put in 
service June 1924. Slow speed passen- 
ger service. 


Used under 85-lb. rail on high ‘speed, 
heavy passenger and freight service. 
10 ties were installed on 11 December 
1923. The ties were interlaced with 
cedar ties. On 30 August 1924 the 

— cedar ties were removed and 59 addi- 
tional concrete ties put in.-On 30 May 
1928 all were in service. No failures 
to date. 


Used 21 ties in main track. Installed 
June 1907 and all were removed before 
15 December 1913. 


Used under 87-lb, rail on high speed 
heavy passenger service. In July 
1911, 4323 were put in service. By 
11 July 1925, 40 were removed due to 
installation of special work. On 
account of reconstruction of track by 
11 August 1927 only 736 remained, 
others replaced by creosoted pine ties. 
736 ties remained 11 June 1928. 


Remarks. 


Four show signs of disintegration of the 
concrete. Do not advocate using 
them. 


Do not hold track in surface as well as 
wood ties. 


Design of Ickes ties has been modified 
since last installed. Cost of concrete 
tie can not be justified as compared 
with wood tie. 


Not advocated, due to cost, even with 
long life, being more than cedar tie. 


Will not hold track in surface as do the 
wood ties. 


Construction was very expensive and did 
not stand up well. Maintenance heavy. 
Not recommended. _ 
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TABLE 
NAME AND MANUFACTURER. Used by. | Proportion. Weight. ; 
Moore concrete tie, S. B. Moore. . . . .{ Southern Pacific Lines. No data. No data. 
Percwwal concrete tie. . . . . . . . .| Southern Pacific Lines. No data. No data. 
|  Riegler concrete tie . . . . . . . . «| Pennsylvania Railroad No data. | No date 
(Central Region). ay eee Mes 
| al F 
i = . 
‘ : ocr > os 
i a : = + 
H A. 
1 lie ing 
c "Wt “4 


“Santa Fe conorete tie (Santa Fe Test, To- 
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(ontinued.) 


uration of test 
Result. : Remarks. 


or service. 


In January 1917, 40 ties were installed. | Many years before concrete ties will be 


On 8 August 1922, 38 remained. All of economic use compared to wood 
were removed in November 1922 due ties, due to large available supply of 
to poor bond between concrete and timber. 


steel reinforcement and ineffectiveness 
of fastening. 


17 years. 53 ties were installed 1906. In 1914, 
2 ties removed due to breaking. In 
1915, 3 ties removed (1 broke and 2 
had broken screw spikes due to relay- 
ing rail). In 1918, 16 ties were re- 
moved due to breaking and again 1 
was removed in 1919 for same reason. 
On 8 August 1922, there remained 
26 ties, all of which should have been 
removed, faulty screw spikes. By 
16 October 1923 all were removed. 


20 years. Used 15 ties under 85-lb. rail in May 
1908. Installed on track Cl. 1, 
through and suburban passenger ser- 
vice. In 1910 used under 100-Ilb. 
rail. In December 1914 placed in 
track Cl. 3, freight and through pas- 
senger service. On 31 October 1921 
changed to 130-lb. rail. During 1926 
and 1927, 7 were repaired due to 
crushing on one end. On 26 August 
1927 all 15 ties were in service. Test 
closed 11 June 1928. 


About 4 years. Used 6 ties in south lead of Topeka Yard | Will not hold track in surface as well as 
about October 1911 or early in 1912. wood tie. ~ = 
Last tie removed 5 October 1915. All 
failed due to breaking. 


3 years. Used 14 ties on main line tracks. Do not hold track in surface as well as 
Installed in August 1913. 9 ties wood tie. 
broke up and were replaced prior to 
7 August 1914. 19 ties of a larger 
size but same pattern installed in May 
1914. Prior to 16 April 1917 all these 
ties were removed due to failure. 


From 1 1/2 Used a few ties in a light service branch | It will be some time before concrete tie 

to 12 years. line and are still in serviceable con- will be of economic use compared to 
dition. 100 ties were placed in heavy wood tie due to als available supply 
traffic main line service, but in of timber. 


18 months time had to be removed due 
to bad condition of oak blocks used to 
fasten rails. Ties cracked in the 
middle and some disintegration occur- 
red under rail seat. 
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TABLE 

NAME AND MANUFACTURER. Used by. Proportion. Weight. 

Southern Pacific — Santa Fe concrete tie .| Southern Pacific Lines. No data. No data. 

: ; Santa Fe. ; 
U. 8. Indestructible concrete tie. . . . .{| Detroit, Toledo & Ironton No data. No data. 
Railroad. ~ 
, U. S. Indestructible concrete tie. . . . . Seater Pasifie Lines. No data. No data. 
Ns ss = , . 
= | a y* : H F 4 ae 


| Waller & Reece concrete tie - £4 st - - Atchison i =, 3 Ss fo data. 


. ioe 


<—F 


yntinued.) 


wration of test 


or service. 


141 days. 


3 years. 


12 years. 


is year. 


16 years. 


7 years. 


5 months. 


Result. 


Used 50 ties in a joint track about 1919. 
Ties were very large (10 X 14 inches 
in section). The ties broke up badly 
and when the last one was removed 
the average life was 141 days. 


Used 50 ties under 
track, light traffic. Installed in 1922 
and 1923. All were~removed in 1925 
due to being badly shattered by de- 
railment. 


85-lb. rail, main 


Used under 80-lb. rail and 23 were 
installed in May 1916. Subject to ight 
traffic, main track service and light 
yard switching. On 10 September 
1928 all were in service and in good 
condition. 


100 ties used under 90-lb. rail and 
installed in February 1926 on a high 
speed, heavy service, passenger and 
freight track. By .17 June 1927 two 
ties had been removed. Remaining 
98 ties were all in service. By No- 
vember 1927, all were removed due to 
failure of ties by cracking through the 
middle and having trouble to hold 
gage. 


Used 9 ties on main track. Installed on 
18 October 1911. Prior to 15 Decem- 
ber 1913, 8 had been removed to a side 

track. One tie was missing. 


Used 46 ties on main track, installed 
15 February 1917. Last one removed 
30 April 1923. Broke up badly under 
rails and elsewhere. Betee 


Used 30 ties furnished by the Maryland 
Coal Co. 16 November 1915. Track 
on light fill. Used under 85-lb, rail. 
Traffic light. Began to erack soon 
after being put in. By April 1916, 
6 ties had been removed due to crack- 
ing through. Hight others were also 
cracked to varying degrees. Majority 
of cracks were on high rail side. 


Remarks. 


Do not hold track in surface as well as 
wood tie. 


Unsatisfactory. 


“Will not hold track in surface as well 
as wood tie. 


Did not hold track in surface as well as 
wood tie. 


Test was very unfavourable. Tie con- 
tains nearly 7 cubie feet of concrete, 
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B. — Concrete and reinforced 


concrete buildings. 


Considerable progress has been made in 
the general use of reinforced concrete 
for building construction on railroads 
since the ninth Congress (Rome 1922). 
This increase in use of concrete for 
buildings is due largely to the general 
desire to secure buildings of more per- 
manent construction, to-reduce mainten- 
ance and to eliminate fire hazards. Im- 
provements in materials and in methods 
of construction have played an important 
part in this: increased use of concrete. 


To secure data covering this subject, 
a canvass was made in the form of a 
questionnaire sent to various railroads 
throughout the territory covered by this 
report. Ninety-nine questionnaires were 
sent out and fifty-eight replies received. 
Of these fifty-eight, forty-two report use 
of concrete for building work. The 
above figures are divided geographically 
as follows : 


Use 
Countries. Canvassed. Answered. concrete. 

AATICR = 6 4 1 
Argentina... 9 5 9 
Australia 3 0 0) 
EAH los st 3 1 1 
fanaa... ct. 2 4 
Reyionest. .. - t 1 0 
BLT U8 0 cae 3 0 0 
ELITE ate Spears 4 1 | 
Great Britain. 11 8 6 
|G Ve ee a a 11 4 3 
freland- =<. = tee 2 4 
Papals 225s 2 1 0 
Malaysta 3/2 Ua 4 1 1 
Mesopotamia . 14 1 1 
Salvador .<.°: «24 0 0 
United States. 34 28 94 
‘Uruguay. .. 2 1 0 


A summary of the canvass is given in 
table ILI, arranged alphabetically by coun- 
tries. It is interesting to note increasing 
confidence in the use of reinforced.con- 
crete for building construction, as in- 
dicated in the following reports’: 


Asia, Mesopotamia. 


Iraq Railways. — Concrete and rein- 
forced concrete have been used in build- 
ing construction for staff quarters, sta- 
tion buildings and a hospital. The build- 
ings are mostly of one story, and steel 
was found unsuitable. Bricks were not 
used on account. of expense and inferior 
quality available. Wood is scarce and 
does not withstand the climatic condi- 
tions. The construction generally adopt- 
ed is the « Winget » block, made of one 
part cement, one part sand, and two parts 
stone. Mass concrete buildings have 
been constructed of one, three, six pro- 
portions. The lack of skilled workmen 
prevents the use of reinforced concrete 
to any great extent. 


Argentina 


The Central Argentiné Railway. — 
This railroad has for many years em- 
ployed reinforced concrete in the con- 
struction of water tanks, both circular 
and rectangular, the former ranging in 
capacity from 22000 to 33000 gallons, 
the latter from 35 000 to 44000 gallons, 
but only recently has this form of con- 
struction been used for buidings. Fig- 
ures 9 and 10 show a reinforced concrete 
locomotive running shed erected in 1928 
at Villa Maria. -Building is approxima- 
tely 100 feet by 300 feet. Foundations 
were constructed of one part cement, 
two parts sand, and four parts granite. 
Columns, beams and roof slabs were con- 
structed of one part cement, one and 
three-quarters parts sand, and _ three 
and one-half parts granite. Reinforced 


e 


a. Central Argentine Railway. 


Vig. 9. — Reinforced concrete locomotive running shed, Villa Maria, Argentin 
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concrete structures have stood up very 

well and no failures are reported, 

despite the fact that since construction 

the above mentioned building has been 

struck by a cyclone. In general, how- 

ever, brick is cheaper for most work. 
Brazil. 


The Leopoldina Railway. — Reinforced 
concrete construction was used for the 
Terminal Station Building and platform 
at Rio de Janeiro, completed in January 
1928. This type of construction was 
used on account of its suitability in this 
climate, its fireproof qualities and neg- 
ligible maintenance cost. Reinforced 
concrete piles were used of one part ce- 
ment, two parts sand and two and one- 
half parts stone. Superstructure was 
constructed of one part cement, . two 
parts ‘sand, and four parts broken stone. 


Canada. 


Canadian National Railways. — Have 
used reinforced concrete for cattle and 
sheep barns at Point St. Charles, Tunnel 
Terminal Station at Montreal, coaling 
plants and grain elevators at various lo- 
cations, and stores building at Toronto. 
Used in preference to steel to eliminate 
maintenance, and because of better fire 
resisting qualities, and greater economy 
where heavy floor loadings are required. 
Used in preference to brick in localities 
where concrete materials can be obtained 
locally and skilled labor is scarce; un- 
skilled labor can be used on this class 
of work. Used in preference to wood to 
eliminate maintenance and reduce fire 
hazard. 

China and Malaysia. 


South Manchuria Railway. — All re- 


’ cently constructed large buildings are of 


reinforced concrete on account of greater 
permanency of construction and reduced 
maintenance costs. First cost is higher 


Fig. 10. — Reinforced concrete running shed, Villa Maria, Argentina. 
Central Argentine Railway. 


than wooden construction, but is cheaper 
than stone or brick; are also more re- 
sistant to earthquakes and more wea- 
ther tight and fire resistant than wood. 


Federated Malay States Railway. — 
Only one or two buildings of a minor 
character have been constructed of rein- 
forced concrete, the important buildings 
being constructed of steel frame. _ 


Great Britain. 


Cheshire Lines Committee.— Cheshire 
Lines Committee have used precast con- 
crete block construction largely for plate- 
layer’s cabins, shunter’s huts, etc., on 
various parts of the system in preference 
to wood, on account of reduced mainten- 
ance costs, and in preference to brick, on 


account of lower first cost. Reinforced 


concrete is used generally for floor con- 
struction in offices and warehouses. 


V—3 


Great Western Railway. — In 1911, a 
reinforced concrete skeleton goods depot 
was erected at South Lambeth, and this 
Luilding has proven so satisfactory that 
the railway company in 1928 constructed 
another adjacent to it of somewhat si- 
milar design. The new goods depot is 
approximately 350 feet by 50 feet, the 
general construction being indicated on 
figures 14 and 12. The Great Western 
Railway reports that reinforced concrete 
is a most useful material for this class 
of building and is preferable to steel 
frame. 


London & North Eastern Railway. — 
The London & North Eastern Railway 
considers reinforced concrete suitable for 
building construction on account of dur- 
ability, low maintenance cost, fire resist- 
ing properties, better distribution of 
loads on foundations and for marine 


Fig. 11. — Goods depot at South Lambeth, Great Western Railway, Great Britain. 


— 


Undersides of main beams, showing also staging in position. 


Fig, 12, — Goods depot at South Lambeth, Great Western Railway, Great Britain. 


Basement view under platform. 


—_—_ 
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work subject to destruction by marine 
worms. Reinforced concrete has been 
used for warehouses, grain stores, water 
tanks, silos and coal chutes and has been 
found very satisfactory. 


Metropolitan Ratlway. — Reinforced 
concrete was used for the construction of 
the Head Offices at Baker Street, Lon- 
don, erected about 15 years ago. The 
design was based on the Coignet system. 
This building has been quite satisfactory. 
No recent installations are reported. Do 
not generally advocate the use of rein- 
forced concrete for the whole of a build- 
ing on account of slowness of the work, 
extensive amount of shuttering required, 
and difficulty and cost of any subsequent 
alterations. Present practice is to use 
reinforced concrete for floors, staircases 
and flat roofs, and it is considered ad- 
vantageous for this work. 


India. 


East Indian Railway. — A few con- 
crete buildings have been erected, of 
which two were engine sheds. The use 
of reinforced concrete as opposed to 
brick and steel was not found econom- 
ical except during the period immediately 
following the war. cong 


Great Indian Peninsula Railway. — 
Reinforced concrete is recommended for 
floors and platforms in station buildings 
and goods sheds, generally of precast con- 
struction. Can be taken up and re-erect- 
ed on other sites without loss. Chief 
saving in use of this type of platform is 
due to the fact that no foundation is re- 
quired. For ordinary buildings, mason- 
ry is usually cheaper. 


The Madras and Southern Mahratta 
Railway. — Only one bungalow has been 
built and the type has not been repeated, 
as local brick was considered more suit- 
able. | cea car [ioe f 


if 
7 
| 
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Ireland. 
London, Midland & Scottish Ratiway, 
Northern Counties Committee..—-Rein- 


forced concrete construction is recom- 
mended for building construction. The 
chief point in adopting reinforced con- 
crete is to cut down maintenance expen- 
diture. Reasonable excess of first cost 
over timber or steel construction is per- 
missible. It can be used for any kind of 
building which is expected to have a 
reasonable length of life and is recom- 
mended on account of ultimate economy 
and for fire-proofing consideration. A 
goods shed was constructed in 1916 at 
Doagh of precast reinforced concrete and 
this type of construction is considered 
very suitable for railways. It enables 
the units to be cast by a small skilled 
staff at headquarters and erected on the 
site with a minimum of skilled labor in 
a relatively short time. 


United States. 


Reinforced concrete construction has 


- been in quite general use on railroads in 


the United States for the past ten to fif- 
teen years for coaling stations, ware- 
houses, oil houses, pump houses, and for 
miscellaneous small buildings such as 
train control houses, block stations, 
watchman’s huts, scale houses, shelter 
houses, and for foundations and_ floor 
and roof construction in all classes of 
buildings. In many instances, engine 
houses, shops, freight houses, grain ele- 
vators and office buildings have been 
constructed entirely of reinforced con- 
crete. Permanence, reduced maintenance, 
and fire resistance have been the main 
reasons for its use. In general, the first 
cost is somewhat higher at the present 
time than steel frame and brick, though, 
of course, there are cases where reinforced 
construction is cheaper. Objection ' to 
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Fig. 13. — « Massey 


use of reinforced concrete construction 
is difficulty and high cost of making 
alterations, but this objection is not seri- 
ous where alterations are not likely to be 
required, or if ample provision is made 
for future needs.. Detail reports from 


various railroads in the United States. 


are given in table III. 

An interesting development in rein- 
forced concrete building construction on 
railroads in the United States is the use 
of pre-cast construction for small build- 
ings, such as watchman’s huts, oil houses, 
telegraph booths, block stations, train 
control stations, pump houses and scale 
houses. Figures 13, 14 and 15 illustrate 
typical buildings of this style as con- 
structed by the Massey Concrete Pro- 
ducts Company, of Chicago, Ill. Upwards 
of one thousand of these buildings have 


» block station, U.S.A. 


been built within the past ten years on 
railroads in the United States, including 
the Baltimore and Ohio, Delaware, Lac- 
kawanna and Western, Erie, New York, 
New Haven and Hartford, New York Cen- 
tral Lines, and the Pennsylvania System. 
These buildings are poured complete as 
one unit, including floors, walls and 
roof. Either steel or wood sash and 
doors are used. Construction is practic- 
ally all done at the factory and building 
transported to the site on flat cars. 
Walls, floor and roof are three to four 
inches thick, reinforced to take care of 
stresses due to handling and erection. 
Concrete mix is one part cement, one and 
one-half parts sand,and three parts stone, 
rubbed to a smooth finish inside and 
outside. 

Detail reports received from many rail- 


Fig. 15. — « Massey » shelter house, U.S. A. 


Fig. 16. — Coaling station, Selkirk, New York, U.S. A. 


New York Central Railroad. 


. 47. — Engine house and fan house, Selkirk, We 8. A. - 
New York Central pusatnoad 


474 


-—d9 


roads in the United States cannot. be 
quoted due to lack of space. However, 
a summary is given in table III, and ty- 
pical reinforced concrete constructions 
recently made are listed below : 


Bangor & Aroostook Railroad; -— A 
few years ago the Bangor & Aroostook 
Railroad built three reinforced concrete 
engine houses. Reinforced concrete was 
chosen for these buildings so as to pro- 
vide a fireproof building and one that 
could be maintained at small cost. These 
buildings have been in service from two 
to five years. There have been no fail- 
ures. Concrete or reinforced concrete is 
well suited for all classes of railroad 
buildings, such as engine houses, ware- 
houses, etc. where the appearance of the 
buildings is not concerned, as concrete 
or reinforced concrete does not seem to 
lend itself very well to architectural ef- 
fects. 


Central of Georgia Railway. —- The 
Central of Georgia Railway built a round 
house two years ago at Savannah, Geor- 
gia, and five years ago constructed an oil 
house at Columbus, Georgia. Concrete 
and reinforced concrete were used chief- 
ly for the reduction of fire hazard. No 
failures have occurred. The use of con- 
crete is advocated for buildings where 
fire hazard is of prime importance and 
when reduction in maintenance will 
offset increased initial cost. 


Chicago, Indianapolis & Louisville 
Railway. — About four and one-half 
years ago, the Chicago, Indianapolis & 
Louisville Railway built a reinforced 
concrete freight house at Indianapolis. 
Reinforced concrete was used in prefer- 
ence to steel, brick or wood, because the 
competitive designs showed this type of 
construction most economical for ihe 


particular layout in question and the 
building code required fire-proof con- 
struction. Reinforced concrete is ad- 
vocated for buildings, but plain concrete 
is recommended only for unimportant 
underground footings or where the con- 
crete is protected from temperature ex- 
tremes and is only lightly stressed. There 
have been no failures of reinforced con- 
crete. 


Delaware, Lackawanna & Western 
Railroad. — Concrete and reinforced con- 
crete have been used by the Delaware, 
Lackawanna & Western Railroad in con- 
struction of signal towers, stations, pier 
sheds, locomotive shops, a coal breaker 
and a firing-up house. A nine story 
warehouse and freight terminal at Jersey 
City is now in process of construction 
(fig. 19). The pier sheds referred to 
above, while not entirely of reinforced 
concrete, have reinforced concrete walls 
and floors on structural steel members. 
The locomotive shops at Scranton have 
been in service since 1908. There have 
been no failures. Reinforced concrete 
was used for fireproof quality, elimina- 
tion of maintenance cost, and perman- 
ence of construction. Reiniorced con- 
crete buildings are advocated for most 
purposes, particularly where fire hazards 
occur. 


Elgin, Joliet and Eastern Railway. — 
The Elgin, Joliet and Eastern Railway 
Company built coaling stations in 1923 
and 1925, respectively. Concrete and 
reinforced concrete were used in prefer- 
ence to steel, brick or wood, due to econ- 
omy. durability, resistance to fire, and 
general appearance. There have been no 
failures. Concrete or reinforced con- 
crete are recommended for practically all 
kinds of railroad work. In case build- 
ings are to be heated, provision should 
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steel is encased in concrete. 
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be made for proper insulation. For coal- 
ing stations, no insulation is necessary. 


Illinois Central System. — At present, 
the Lilinois Central is constructing a 
large reinforced concrete grain eleva- 
tor. Concrete and reinforced concrete 
have also been used for foundations, 
footings, floors on fill, sub-floors and 
reinforced floor and roof slabs used 
in conjunction with steel columns and 
girders for all classes of railroad build- 
ings, and in one or two instances the 
entire structural portion where the 
design has been adaptable to use of 
reinforced concrete. Because of greater 
adaptability and durability for the 
particular purposes used, because of 
its fire-resisting properties and because 
of the necessity to comply with local fire 
ordinances, concrete or reinforced con- 
crete was used in preference to steel, 
brick or wood. Concrete has been used 
for over twenty years and there have been 
no failures. Where buildings are of re- 
gular proportions allowing for the re-use 
of forms and also where the loading does 
not require columns and beams of too 
large dimensions, concrete or reinforced 
concrete is advocated for all kinds of 
buildings where ils use is considered sa- 
tisfactory as compared to other kinds of 


materials. 


New York Central Lines. — Reinforced 
concrete has been used for building con- 
struction for the past fifteen or twenty 
years. Use of this material for the 
whole of a building has not been the 
general practice, due primarily to the 
fact that combinations of steel frame and 
brick with reinforced concrete floor slabs 
have been more economical. Where ad- 
ditional fire resistance is required, the 
In some 
eases reinforced concrete has been used 


in combination with timber roof con- 
struction for reasons of economy and 
general serviceability. The objections to 
construction of complete structures of 
reinforced concrete have been, in general, 
high cost, additional weight requiring 
more expensive foundations, and the dif- 
ficulty and cost of alterations. It has, 
however, been quite general practice to 
construct certain permanent structures 
entirely or reinforced concrete, such 
as coaling stations, warehouses, pump 
houses, store houses, and in a few cases, 
two and three story office buildings. 
A typical coaling station as constructed 
on the New York Central at Selkirk, 
N. Y., is indicated on figure 16. A typical 
combination of reinforced concrete, steel 
frame and timber construction is indic- 
ated on figure 17, showing engine house 
and fan house at Selkirk, N. Y. Figure 18, 
shows a combination of steel frame with 
reinforced concrete slab used in the new 
« Central » passenger station at Buffalo, 
N. Y. These photographs indicate ty- 
pical construction which involves the use 
of reinforced concrete to a more or less 


_ degree and which have been found econ- 
- omical 


and serviceable. Considerable 
study has been given to securing concrete 
of permanence and durability by using 
the best materials, by using care in the 
grading of sand and stone, control of 
water-cement ratio and field regulation 
of the mix. 


Norfolk & Western Railway. — The 
Norfolk and Western Railway Company 
has used concrete and reinforced con- 
crete for coaling stations, office build- 
ings, store houses, sand storage houses, oil 
houses, upholstering shops and for other 
purposes. Concrete and reinforced con- 
crete were used in preference to steel 
many years ago in construction of coal- 
ing plants, for the reason that concrete 
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construction was regarded as being more 
fireproof and cheaper to maintain. The 
reinforcing steel, also, did not corrode as 
rapidly as the exposed structural steel. 
Reinforced concrete buildings and com- 
binations of reinforced concrete and 

brick buildings were adopted principally 

on account of being more fireproof and 

also with the idea of reducing mainten- 

ance. No failures are reported. In a 
number of cases, however, during a per- 

iod of exposure of twenty years, concrete 
protection has been forced off of certain 
reinforcing bars in coaling stations due 

to smoke and gases from locomotives. 
Repairs have been made and protection 

to the steel bars replaced by using 

« Gunite »; or where the defects were 

small, by cleaning and pointing up with 

cement mortar. Regarding damage by 

fire, in one case, on a reinforced con- 

crete coaling station, fire from spontane- 7 
ous combustion occurred in the coal : 
storage pocket. This did not damage 

any of the side walls of the main pocket. 
Thin slabs on cinder fill, used for hop- 2 
pers, were damaged in areas directly ad- ; 
jacent to the fire. Reinforced concrete = | 
buildings are advocated for coaling sta- 
tions in particular and also for ware- ; 
houses, sand houses, and oil houses. Con- - = 
servative designs should be used and all 2 
thin walls avoided. Concrete is also re- . 
commended in combination with brick 

work for office buildings and other types 

of railway structures. 


The Pennsylvania Railroad. — The — 
Pennsylvania Railroad has used concrete 
or reinforced concrete for engine houses, 
store houses, coaling stations, oil houses, 
produce facilities, interlocking cabins, 
passenger stations, and miscellaneous 
structures for about eighteen years. Due 
to facility of construction, fireproof qual- 
ities, quicker delivery of materials, low 


Fig. 19. — Model of warehouse and freight terminal, Jersey Cily, N.J., U.S.A. Delaware, Lackawanna & Western Railroad. 
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first costs and less maintenance, concrete 
or reinforced concrete has been used in 
preference to steel, brick or wood. One 
failure occurred. It was a flat slab: con- 
crete building. The columns set, but the 
slab did not. Minor conflagrations have 
been withstood by concrete and _ rein- 
forced concrete. Where buildings are 
of a permanent nature, where fireproof 
construction is desirable, such as oil 
houses, interlocking towers, coaling sta- 
tions, etc., and where resistance to cor- 
rosion makes exposed steel work unde- 
sirable, concrete or reinforced concrete 
is advocated. 


Pere Marquette Railway.— At the pres- 
ent time, the Pere Marquette Railway 
Company is constructing a reinforced 
concrete cold storage warehouse 60160 
feet at -Grand Rapids, Michigan. This 
type of construction is also used for store 
houses, oil houses, coaling stations and 
power houses, because it has less fire 
hazard and gives stronger construction 
for the same cost, than steel or brick. 


' The oldest building has been in service 


for six years. There have been no fail- 
ures. Concrete and reinforced concrete 
is recommended for buildings that are 
permanent and which require strong 
floors and heavy construction. 


Southern Pacific Lines. — The South- 
ern Pacific Lines have constructed shop 
buildings, freight stations and grain ele- 
vators, using concrete and reinforced 


concrete. This type of construction was 
used because of its permanence. There 
have been no failures. 


SUMMARY AND CONCLUSIONS. 


The reports indicate a growing use of 
concrete and reinforced concrete for gen- 
eral building construction. Many build- 
ings have been constructed entirely of 
concrete and have given excellent service. 
The cost of such buildings, however, has 
often been found to be greater than com- 
binations of steel frame and concrete or 
brick. Nevertheless, the value of con- 
crete and reinforced concrete for floors 
and platform construction and as a fire 
resisting material is universally recog- 
nized. Some failures are reported, but 
these are in general due to improper de- 
sign, improper materials, or poor work- 
manship, and it is noted that in the more 
recent installations these features are 
being given more careful consideration. 
Dense concrete, secured by control of 
water-cement ratio and grading and re- 
gulation of the mix, is of prime impor- 
tance and it is generally felt that greater 
strength, permanence and serviceability 
can be obtained along these lines. With 


more attention given to these fundamen-_ 


tals and with increasing knowledge of 
their value will come added -confidence 
in eoncrete and reinforced concrete con- 
struction. 
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REPORT No. 1 


(America) 


ON THE QUESTION OF RESISTANCE OF RAILS AGAINST BREAKAGE AND 
TO WEAR; RAIL JOINTS (SUBJECT II FOR DISCUSSION AT THE ELE- 
VENTH SESSION OF THE INTERNATIONAL RAILWAY CONGRES ASSO- 


CIATION) (*), 


BycKhaB ABBOLE, 


ASSISTENT GENERAL SUPERINTENDENT, READING COMPANY. 


——__—, 


Figs. 1 to 3, pp. 485 and 4&7. 


Impelled solely by a desire to amplify 
where justifiable and without wasting 
time in profitless duplication of the ex- 
cellent work and conclusions of our pre- 
decessors who have handled the impor- 
tant subjects covered herein, we therefore 
broadcasted a questionnaire in as ab- 
breviated a form as possible with the 
hope of securing the benefit of any new 
developments or thoughts that have been 
occasioned by actual practice and use 
since the report submitted by Mr. Cush- 
ing to the London Congress in 1925 (+). 


(4) This question runs as follows : 

« A) First causes of rail breakage; measures 
taken to reduce the number of breakages, both as 
regards the way rails are used and the conditions of 
inspection. 

» B) Quality of metal used for rails to give nor- 
mal wear. Conditions governing manufacture and 
inspection. 

Rails : profile and quality, length, aa and 
cross section of the rails. 

» C) Rail joints. The most economieal and effi- 
cient design. » 

(2) See Bulletin of the Railway Congress, Oc- 
tober 1924 number, page 677. 


A. — First causes of rail breakage; mea- 
sures taken to reduce the number of 
breakages, both as regards the way rails 
are used and the conditions of inspec- 
tion. 


Rail breakage may be due to a single 
cause or to a combination of circumstan- 
ces. Among the direct causes may be 
listed the following :. 


Transverse fissure. 


Shattering cracks due to rolling directly 
from the ingot and with too few passes 
through the rolls. 

Engines badly counterbalanced. 

Seams in the rail base. 

Rail section too small for load imposed. 

Poorly maintained track. 

Mechanical damage by BEE Se car or 
locomotive equipment, 

Excessive lateral wear on curves. 


Excessive strain set up by the straighten- 
ing methods at the mills. 

Reduction of section due to corrosion or 
oxidation. 


For main tracks and other heavy duty 
tracks, the number of ties used should be 
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the maximum possible and still leave 
room necessary for thorough tamping. 
A track is no stronger than its supports 
and it is the combined surface area of 
the bottoms of the ties, within a spread 
of about fourteen inches on each side of 
each rail, that holds up the track and 
keeps the vertical deflection of the rail 
within reasonable limits. 

A number of the railroads in America 
assign crossties on the basis of eighteen 
to a thirty-three foot rail but most of the 
heavy traffic roads use twenty to a thirty- 
three foot rail and it is our opinion that 
the larger number is entirely justified. 

Inspection of rails in track should be 
such as to insure proper maintenance of 
joints, line and surface, correct super-ele- 
vation, proper rate of run-off at begin- 
ning and end of curves, and all other 
conditions that would have any effect on 
the life of rail in track. 

Qualified track walkers should walk 
over and inspect all main track mileage 
once a day and as much oftener as spe- 
cial circumstances may warrant. 

Where practicable to do so, rails should 
be lifted or slid off of cars and not 
dropped on solid, irregular surfaces. 

Mechanical means for the loading, un- 
loading and laying of rails should be uti- 
lized wherever available or procurable, 
and there are many efficient machines 
on the market. 

In the handling of heavy rails, frogs 
and switches, labor saving machines are 
not only labor saving but are also labor 
conserving as they eliminate or greatly 
reduce the danger of rupture and other 
serious injuries to the men employed. 

« A » rails should be segregated and 
used only in tracks carrying relatively 
light traffic or tonnage moving at. low 
speed. 


B. — Quality of metal used for rails to 
give normal wear. Conditions govern- 
ing manufacture and inspection. 

Rails : profile and quality, length, weight, 
and cross section of the rails. 


Most of the railroads reporting em- 
ploy the current Specifications of the 
American Railway Engineering Associa- 
tion for Open Hearth Carbon Steel Rail. 

Experimentation is now going on with 
head-treated rails arid rails having ab- 
normal proportions of manganese and 
other hardening elements. 

Some railroads take care of their own 
inspection while others employ outside 
forces. 

Heaviest rail used in America is the 
136-lb. Lehigh Valley section. However, 
130-lb. sections predominate on heavy 
traffic lines. 

There is a strong tendency among the 
railroads generally to adopt American 
Railway Engineering Association stan- 
dard sections or modifications of them. 
However, some of the railroads have their 
own series of sections and may retain 
them indefinitely. 

Most roads are now using rails thirty- 
nine feet long. Some roads, however, in 
South and Central America use rails forty 
feet long. 

To eliminate or reduce the number of 
track joints within the limits of road 
crossings and station grounds, rails sixty- 
six feet long are used by several roads. 
This results not only in economy but also 
in better riding track. : 


C. — Rail joints. The most economical 
and efficient design. 


Study of the answers to the question- 
naire (see Appendix) shows that, with 


single exception of the Thomson Head- 
Free Rail and Head-Free Continuous 
Angle Bars, there have been no outstand- 
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Fig. 1. — R. E. rail and joint continuous head-support type with abrasion plate. 


_—14-R:- ; 
RAIL JOINT CO. 
TEMPLET 89934 


y 
] 


Yj ae 787 ? 
Va WEL 


Fig. 2. — 130 H. F. B. rail and joint continuous head-free type with ‘abrasion plate. 


Note the abrasion plate under each joint which greatly retards mechanical 
damage to ties under maximum wheel loads, 
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ing changes or improvements in rail and 
angle bar design since Mr. Cushing’s re- 
port referred to in opening paragraph. 

Therefore, this report will deal prinei- 
pally with the development and perform- 
ance of the head-free angle bars and 
head-free rail as used on the heavy duty 
tracks of Reading Company. 

The angle bar is named first because 
the rail section was really a complement 
of the angle bar and could not have been 
employed unless the latter had first de- 
monstrated its soundness in theory and 
efficiency in actual service. 

Reading Company is a railroad having 
1796 miles of main tracks and carrying 
very heavy traffic and maximum wheel 
loads. Therefore it is fair to assume 
that any joint and rail section that per- 
forms satisfactorily on Reading Company 
tracks would be equally successful under 
any and all conditions imposed on other 
railroads of heavy traffic density. 


Prior to the development of the head- 
free angle bar, it had always been con- 
sidered an essential of design that clear- 
ance of about 3/16 inch should be pro- 
vided at top and bottom between sides of 
angle bar and the web of the rail. This 
clearance was deemed essential to provide 
take-up for wear. 

The top of the angle bar pressed against 
the under side of rail head and this was 
also considered an essential of design. 

However, the head-free angle bar does 
not give head support to the rail except 
in the area comprised by the-fillet where 


-the head joints the web. Necessary 


clearance for take-up is afforded at bot- 
tom of bar. This take-up at the bottom 
of bar together with the fact that the bar 
has a positive bearing at the top, consti- 
tute the reasons for its greater strength 
end resiliency. 


' The head-free angle bar was a success 


from the start and demonstrated that 
better surface could be maintained 
through its use than by any angle bar 
that had ever been used by Reading Com- 
pany. 

Some installations were made at about 
the same time on the Baltimore & Ohio 
Railroad and in the short space of seven 
years, the head-free joint in continuous 
or angle bar form is now being used on 
the following railroads : 


Baltimore & Ohio Railroad. 

Boston & Maine Railroad. 

Canadian National Railways. 

Delaware & Hudson Company. 

Erie Railroad. 

New York, New Haven & Hartford Rail- 
road. 

Norfolk & Western Railway. 

Reading Company. 

Richmond, Fredericksburg & Potomac 
Railroad. 

Southern Railway. 

Southern Pacific Company. 

Virginian Railway. 

Lehigh & New England Railroad. 


Head-free rail. 


With the success of the head-free 
principle established by the Rail Joint 
Company, it was made possible to effect 
a radical and complementary change in 
the rail section. It being no longer ne- 


cessary to design the under side of the ° 


rail head to afford a bearing surface for 
the angle bar, the idea was conceived that 
a better shaped and stronger rail section 
could be designed and without adding to 
the weight. In effect, a certain amount 
of metal was taken from the lower corn- 
ers of the rail head and added to the top, 
thereby making the rail 3/16 inch higher 
and increasing the strength as a beam 
something over 5 % as compared with 
130 R. E. section. ' 


It will be seen that the area of wear 
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has been increased at least 25 % and on 
the high side of curves this section will 
not wear to a shelf. 

The head of the rail is obviously a bet- 
ter design from a rolling standpoint. 

In our humble opinion this rail and 
angle bar arrangement is the best that 
has ever been produced and is the most 
outstanding development of the art. 

The following railroads now have head- 
free rail in track or will in the year 1929 
lay a tonnage of same : 


Baltimore & Ohio Railroad. 

Canadian National Railways. 

Erie Railroad. 

Lehigh & New England Railroad. 

Missouri Pacific Railroad. 

Norfolk & Western Railway. 

Reading Company. 

Richmond, Fredericksburg & Potomac 
Railroad. 

Southern Railway. 


Figure 3 is self-descriptive in its 
titles and shows a summary of deflection 
readings taken over various types of 
joints in track at several points along the 
line of Reading Company. 

Note the better surface conditions 
where head-free joints were in use and 
this of course has been reflected in de- 
creased maintenance costs and better rid- 
ing track. 

The 100 % joints referred to in com- 
parison refers to a plain re-inforced 
angle bar without the continuous feature. 

More recent readings than June 1928 


have not been taken as tests were all com- 
pleted at that time and conclusions final- 
ly reached that resulted in adoption of 
the head-free rail and angle bar as stan- 
dard by Reading Company. 


CONCLUSIONS. 


A, — 1. In heavy duty tracks, use twenty 
(20) 7-inch X 9-inch cross-ties per 
thirty-three feet of track. These re- 
quirements to be modified for light 
duty tracks. 


2. Rails should be loaded and unloaded 
by mechanical means. 


3. « A » rails should be used in tracks 
carrying relatively light traffic or ton- 
nage moving at low speed. 

B. — 4. Use current specifications and 

recommendations of the American 

Railway Engineering Association cover- 

ing rail chemistry, mill practice and 

inspection. 

Head-free rail sections have demon- 

strated their efficiency and their use 

should be continued and enlarged. 

3. Normal length of rails (39 or 40 feet) 
should be continued as representing 
good practice. 

. Rails of greater length should be used 
to eliminate or reduce number of 
joints in road crossings, station grounds 
or other special locations. 


bo 


~ 


C. — Head-free principle in rail-joint de- 
sign is recommended. 
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Name of railroad. 


Wabash Railway. 


Pennsylvania Rail- 
road. 


New York Central 
Lines. - 
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Causes of failures... 


Primary causes are inhe 
defects in the steel, ro 
handling of the finished 
until the time it is placed | 
the track, poor track cons 
tion or maintenance and i 
proper operation or loading. 


4AM 


the questionnaire 
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QUESTION No. 2. 


QUESTION No. 3. = 


Remedies. 


ee ee | 


The use and location in track of classified rail, 
the reporting of rail failures (after three failures of 
a given heat number all rails of that heat are 
removed from track), improvement in roadbed drain- 
age and an increase in ballast section. A more tho- 
rough and rigid chemical and physical inspection of 
manufacture of the steel and rail. 


Manufacture and inspection. 


Conditions governing the manufacture and inspec- 
tion of the rail at steel plants is under the direction 
of the Robert W. Hunt Company. 


For the purpose of reducing the number of break- 
ages and failures this Company has drawn up 
instructions called « Service assignment of steel 
rails >. Rails are classified at the manufacturing 
and separated account of grade of product. Proof 
tests are required at the «mills by the inspectors 
which define the rails in accordance with these ins- 
tructions. Highest quality and heaviest rails for 
heaviest and fastest traffic. 

See specifications C. E. 55 (e). 


Conditions governing manufacture and inspection 
are set forth in form C. E. 55 (ec), which include 
inspection, proof tests, drop test, chemical and phy- 
sical and check testing, microscopical and destruc- 
tional tests. 


Improvement of road bed by inserting larger ties 
with tie plates, stone ballast of increased depth and 
better drainage. Maintaining proper relationship 
between wheel loads, speeds of and locomotive counter- 
balance effect to the rail section, as determined by 
calculation of stresses in rails. Increased girder 
streneth and stiffness of the heavier rail section and 
splice bars. 

Constant study of practices used by various rail 
mills. é =, 


Conditions governing manufacture and inspection 
are handled by our Inspecting Engineer with his 
corps. Proof tests at the mill are required for ingot 
stools, shrinkage, drop and ductility. Weight, brand- 
ing, straightening, marking and drilling, together 
with tests on chemical composition are under direc- 
tion of inspector. 


Placing inferior rails from top of ingot only in 
tangent track on light traffic districts or slow speed 
tracks. Removing all rails of a heat from main 
track when four failures account transverse fissures 
have been reported against it. Canting rails 1 to 
44, Rail inspector and superyisor inspect all rail 
at least once per year. 


We now lay our rails on inclined tie plates, ratio 
of inclination 1 in 20. 


. 


Inspection and tests shall be made at the works of 
the manufacturer before shipment, and the works 
management shall afford all reasonable facilities for 
determining the satisfactory quality of the rails 
accepted. 


A.R. BE. A. specifications and recommendations oF 
practice are followed. 
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Norfolk & Western 64 40 Rails improperly manufae- 
Railway. , tured, excess loading, pool 
joints and tie spacing. of 
| Central of Georgia 13 113 ahs) This Company has taken 1 
| Railway. steps to prevent rail failure 
| Delaware & Hudson | Opes 93 | 60 
Company. ' 
| Richmond, Predericks-} 6 | 4 | 2: | othe: (aed seas e 
| burg and Potomac 
| Railroad. | id ao 
i Kanéae ity Southern |... |¢98 | 2 | 80° | 87 [.28. f° 22 | 9 oa 


| Railway. 


|| Lehigh and New Eng- 


|| land Railroad. 


QUESTION No. 2. 


QUESTION No. 3. 


Remedies. 


Manufacture and inspection. 


Carefully analysing each broken rail in order to 
determine cause. All rails are inspected by Messrs. 
Colby and Christie of Philadelphia, Pa. In the use 
of rails we are keeping 33-inch car wheels below 
30 000 pounds. 


All rails are manufactured in strict accordance 
with A. R. A. specifications for open hearth carbon 
steel. 


This company has taken no steps to reduce the 
number of rail failures. 


Rail manufactured under current A. R, HW. A. spe- 
cifiecations. Inspection to enforce compliance with, 
under direction of Robert W. Hunt Company. 


By inspection at rolling mills and by care in laying 
in track. 


Robert W. Hunt Co. special inspection. 


Close inspection at the mill, strict adherence to 


in track. 


Rolled under A. R. EH. A. specifications, inspected 


the specifications. Careful maintenance after rail is by Pittsburg test. Laboratory. 

Closer inspection of rail. Reporting of failures. Rail is manufactured under slighty revised 
When failures of a given heat are reported (several) | A. R. E. A. specifications. Reputable firm inspects 
all rails of the heat are removed from track. all rail. 


Using American Railway Association’s 1925 spe- 
cifications for rail. Inspection at the mill. 


Rail inspectors. When a rail becomes useless on 
account of transverse fissure all remaining rails 
in track of that ingot number are removed from pas- 
senger tracks. 


Percentages of breakages is insignificant and no 
special measures are taken. 


See Pennsylvania Railroad report. 


Rails rolled by the Bethlehem Steel Co., Steelton. 
Pa., under usual conditions. 


Rail at present time is ordered according to 
A. R. E. A. specifications (1925). 


Inspection takes place in England before despatch. 


See Pennsylvania Railroad report. 
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Name of railroad. 


Cordoba Central Rail- 
way. 


Buenos Ayres Western 
Railway. 


North Western of Uru- 
guay Rie! 


‘RE pape Se Oe oa 


|| cific Railway. 
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Not reported. 


7 


Rail weakened by bond 
holes = 2 F. 

Defective joints in two dif. 
ferent types of rails 
Wear in flange of rail . 5 
Defects in manufacture . 12 
Unclassified breakages . . 
Classified ee (as 
> noted) css Ris 


Total breakages . . . 


Flaws in material . . 
Action of salitre. . . 


QUESTION No. 2. 


QUESTION No. 3. 


Remedies. 


Manufacture and inspection. 


Breakage in standard 70-lb. rail is so rare that 
no special measures beyond ordinary inspection of 
track are taken. 


This matter taken care of by the London office. 


Good line and surface are the measures adopted 
to reduce breakages, combined with a limit of the 
;axle load allowed to run over light rails. 

Inspection conditions have not been modified. 


Manufacture and inspection at steel plants are 
governed by the specifications of the Company’s Con- 
sulting Engineers in London. 


Increase the number of ties. 


Restriction of wheel 
loads. : 


Use 130-lb. rail; close inspection at mills during 


‘rolling; maintain a high standard of track. 


_ Inspections are made at mills by the Company’s 
Consulting Engineers. 


Rails are made under given specifications. Rails 
are followed by our own inspectors through all phases 
of manufacture and testing to final classification and 
acceptance. 
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Name of railroad. 


Wabash Railway 


x 


| Pennsylvania Rail- 
road. 


QUESTION No. 4. 


Wheel load. 


The maximum locomotive single wheel 
load being operated is 33750 lb. 


The maximum locomotive wheel load 


is 78 300 Ib. and is carried by the fourth | 


driver on the electric type L-5 locomo- 
tive. The maximum wheel load for 


steam locomotives is 76100 lb. and is 
-earried by the second driver. 


| ‘The maximum wheel load on our road 
at the present time is 34 000 Ib. . 


hs maximum shel toad on on 
atthe present time is 31850 Th oe : 


QUESTION No. 5. 


Cross section of rails. 


The given wheel load is operated oy: 
first quality 33-foot, 90-Ib. A. R. A.- 
standard rail section and 39-foot, 110-1 
A. R. E. A. standard rail section rail 


The given wheel loads are operat 
over first quality standard 130-po uu 
rail 39-foot lengths and first qua 
100-pound rail 33-foot lengths. 

Standard rail at present is 39-f 


lengths. 


Rail sections carrying this | 
6-inch 105-pound and 7-inch 7 
Dudley type. The standard 
now 39 feet, prior be 1927 ne 
was 33 feet. 
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QUESTION No. 6. 


QUESTION No. 7. 


Maximum section. 


The maximum rail section 
1 now used to support maximum 
| load of 33750 lb. is standard 
1A. R. EH. A. 110-lb. rail 6 1/4 
i inches high. 


The rail section considered 
#inecessary for traffic on this 
iroad is standard 130-pound 
1P. S. section, having a_height 
«of 6 5/8 inches. 


While the 105-lb. section will 
«carry the present maximum 
,axle load, the 127-lb. rail has 
| become the standard for high- 
« speed main line, due to its in- 

creased stiffness and higher 
mechanical properties. 


Maximum rail section is 110- 
yj pound R, E. 6 1/4 inches high. 


Maximum rail 130-lb. R. E. 
(6 3/4 inches high. 


Cross ties. 


Maximum number of cross 
ties to properly support our 
maximum wheel load on a 33- 
foot is 20. 


Main tracks with heavy 
freight and passenger traffic : 
20 ties are used per 33-foot 
length rail; for lesser tracks 14 
to 18 ties per 33-foot rail. 

22 ties are used for 39-foot 
rails. 


The New York Central Lines 
standard for 33-foot rail is 
20 ties and 24 for the 39-foot 
rail, which have proven ample 
for proper load distribution. 


Cross ties per 33-foot rail 
required are 20. Ties for 39- 
foot rail number 23.6. 


Main and heavy duty tracks: 
18 ties per 33-foot. Lesser 
tracks 16 per 33-foot. 


QUESTION No. 8. 


Recommended 


design of rail joint. 


A joint that has the most efficient 
and economical distribution of metal 
to give the required strength. The 
joint now being used is the 24-inch 
4hole 100 % type with 1-inch 
xX 5 1/2-inch bolts and High power 
spring washer, with separate tie 
plate. 


The rail joint now being used 
is the 24-inch 4-hole 100 % type. 
Weight of both: bars 83 lb. This bar 
takes a 1 1/4-inch X 6 1/8-inch oval 
head bolt. Separate tie plates are 
used. 


The three-tie supported joint has 
been standard for 20 years. Splice 
bars are now 38 inches long. AIl are 
6-hole, bolts are 7/8-ineh rolled to 
15/16-inch over the thread and are 
7 inches long. The splice bars and 
bolts are heat treated. No nutlocks 
or washers are used. Tie plates are 
separate and are canted. 


The angle bar now in use is the 
24-inch 4-hole type taking 5 1/2 
X 1 1/16-inch bolts. The joint should 
connect the rails into one uniform 
girder. 

It should be strong enough to pre- 
vent deformation or taking perma- 
nent setting. Hipower nutlocks are 
used, also separate tie plates. 


Continuous head free angle bars,” 


with 4 bolts. Separate tie plates and 
Hipower nutlocks. Bars 2 ft. 0 in. 
long. 


_" 
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QUESTION No. 5. 


Name of railroad. 


Wheel load. 


Norfolk & Western Maximum electric locomotive single 


Railway. wheel load is 37500 lb. Maximum for 
steam 34 000 Ib. 
Central of Georgia Maximum wheel load 31100 Ib. 
Railway. 


Delaware & Hudson 
Company. 


Maximum wheel load 36 950 Ib. 


Richmond, Fredericks- 
burg and Potomac 
Railroad. 


Maximum wheel load 34 950 Ib. 


Kansas City Southern 
Railway. 


Maximum wheel load at present is 
31 500 Ib. 


: 2 


Lehigh and New Eng- 
land Railroad. 


2 locomotives with maximum wheel 
load of 36 500 lb., 7 with 35 300 Ib. 


Lehigh Valley . Rail- 


Maximum-single locomotive wheel load 
road, 


is 34 165 lb. 


Buenos Ayres Great 1] tons maximum wheel load allowed 
Southern Railway. for. 


—_— OO 


Cross section of rails. 


First quality 100-pound A. R. A. type 
« B » rails 33 and 39-foot lengths, and 
130-pound P. 8. rails 33-foot and 39-foot 
lengths. 85-pound rail used for light 
traffic. 


First quality 90-pound A. R. A.-A. 
section 39 feet long. 


First quality A.-S. C. E. 


90-pound 
rail. 


100-pound O. H. 33-foot A. R. A.-A, 
rail, 130 pound O. H. 39-foot P. 8. rail. — 


Maximum rail section is 39-foot, 
101.5. pound, minimum rail section is 
80-pound, 33-foot lengths. 


Up to 1928 rails were 100-pound 
33-foot lengths. Rails are now 130- 
pound head free, 39 feet long. — R. E. 
section. 


Standard rail is the 136-pound L. Yan 
section, 39-foot lengths, Adopted 1915. 


85 and 100-pound British flat bottom 
rails used to carry load. 40-foot 
lengths. 


QUESTION No. 6. 


Maximum section. 


130-pound rail 6 5/8 inches 
dgh is required to support our 
zaximum wheel load. 


{90-pound A. R. A.-A, section 
§5/8 inches high. 


¢90-Ib. A. S. C. E. rail. 


130-pound P. 8. rail 6 5/8 
aches high is O. K. 


Maximum rail section is 
)1.5-pound, 6 inches high. 


Maximum rail section now is 
30-1b. R. E. section 6 3/4 in- 
hes high. 


Maximum rail section is 136- 
wound, 7 inches high. 


| British standard rail 100- 
Hound, 6 inches high. 
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QUESTION No. 7. 


Cross ties. 


Standard is 20 ties per 33- 
foot rails and 24 ties per 
39-foot rails. 


18 ties per 33-foot length on 
tangent, 20 on curves. 


20 ties minimum for 33-foot 
rail, 24 ties per 39-foot rail. 


18 to 20 ties per rail length. 


We consider 20 ties per 33- 
foot. length necessary. 


20 ties per 33-foot rail. 


Standard practice is to use 
20 ties per 33-foot length and 
24 ties per 39-foot length. 


14 ties per 33-foot rail in 
stone ballast, 16 on earth bal- 
last. 


QUESTION No. 8. 


Recommended 


design of rail joint. 


The most efficient joint we have 
used is the rail joint 100 % 24-inch 
4-hole bar. The 130-lb. takes 1 1/8- 
inch bolts with spring washers. Sepa- 
rate tie plates are used. The 100-Ib. 
rail bolts are Harvey grip type. No 
nutlocks. . ‘ 


_ 100 % type of angle bar with re- 
inforced head. Improved Hipower 
nutlocks, and separate tie plates at 
the joints. 


100 % type joint. 


100° % type head free 26 inches 
long, 4-hole 1 1/8-inch Hipower nut- 
locks. 


4 hole, 24 inch type angle bar with 
l-inch heat treated bolts with heavy 
spring washers. 


Thomson head free joint, 24 inches 
long 4-hole. Separate tie plates and 
Hipower nutlocks. 


Standard bar at present is 28 in- 
ches, 6-hole bolts 6 11/16 inches by 
1 1/8 inches. 

Bars of the future will be 38 in- 
ches long. Separate tie plates are 
used. 


Heavy angle bars 2 ft. 7 in. long 
with 8-inch angle cut off each end to 
permit spiking to tie at flange of rail. 
No. 6, l-inch pat. Ibbotson bolt nut- 
lock. No separate tie plates. 


QUESTION No. 4. 


Name of railroad. 


Wheel load. 


Long Island Railroad. Maximum weight on 


30 000 Ib. 


single wheel : 


Cordoba Central Rail- 
way. 


Maximum axle load for locomotive 
wheel : 15 tons, 9 cwts. 


Buenos Ayres Western 
Rulway. 


Maximum locomotive wheel load is 
9.35 tons. 


North Western of Uru- 
guay Railway. 


Maximum locomotive wheel load is 
7 tons. 


Present maximum = 9 1/2 tons. 
Proposed maximum = 1] tons. 


Buenos Ayres and Pa- 
cific Railway. 


Baltimore and Ohio 


Approximately 35 000 Ib. 
Railroad. 


QUESTION No. 5. 


Cross section of rails. 


7 


70-lb. to 100-lb. A. S. C. E. and 100-Ib. 
and 130-lb. P. 8. 


British Standard Specification steel 
flat bottomed rail, lengths 33 and 40 
feet, weight 70 Ib. per yard. Cross-see: 
tion 45.15 cm2. 


Plough steel. 


ee 


Flat bottomed. 
yard. 


24 feet long, 56 lb. 


pita S's 


ta 


0.45-0.55 carbon steel (max.). Ra 
100 Ib. per yard, 10 m. and 12.50 
(32 ft. 9 3/4 im. and 41 feet) lo 
Flat bottom section. 


Present standard is 130-lb. A. R. EL. 
section, the use of which is being e 
tended to all high speed and heavy tr: 
fic lines. Still use for light tra: 
100-lb. A. R. A. « B. >. 90-lb. rail 
practically all out of heavy traffic lines 


‘ 
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QUESTION No. 6. 


QUESTION No. 7. 


QUESTION No, 8. 


Maximum section, 


See Pennsylvania Railroad 
i report. 


Cross ties. 


18 ties per 33-foot rail. 


70 lb. per yard. 


4 7/8 inches high. 70 lb. per 
yard. 


146 mm. (5 3/4 inches) high. 
1 100 1b. per yard. 


130-Ib. A. R. E. A. section. 
‘Height : 6 3/4 inches. Base: 
i6 inches. 


15 ties per 33-foot rail. 


15 ties per 33-foot rail. 


13 ties per 33-foot rail. 


15 ties per 10-m. (32 ft. 


9 3/4 in.) rail. 


18 ties per 33-foot rail. 
22 ties per 39-foot rail. 


Recommended 


design of rail joint. 


Pennsylvania Railroad Standard 
4-hole joints with tie plates. 


Joint used with standard rail is a 
6-hole « L » section fishplate. 7/8- 
inch bolts and. Ibbotson patent lock- 
nut. 


Heavy section four bolt fishplate 
with heat treated high carbon steel 
bolts with rolled threads. 


4-bolt fish plate. 3/4-inch bolts. 


Present standard is the ordinary 
angle fishplate, 6 bolts 7/8-inch dia- 
meter. Ibbotson locknuts. No sepa- 
rate tie plate. 


Most recent type is the continuous 
head-free joint. For 130-lb. rail, 
bars are 25 inches long; 4 bolts are 
used. A lock nut without spring 
washers or other shock absorbers is 
used. For 100-lb. rail, bars are of 
same type but are 27 inches long and 
6 bolts are used. Two special canted 
tie plates are used with each joint. 
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REPORT No. 1 


(America) 


ON THE QUESTION OF STRESSES IN RAILWAY BRIDGES (SUBJECT III 
FOR DISCUSSION AT THE ELEVENTH SESSION OF THE INTERNATIONAL 
RAILWAY CONGRESS ASSOCIATION (*), 

By P. G. LANG, Jr., 


ENGINEER OF BRIDGES, BALTIMORE AND OHIO RAILROAD COMPANY. 


Within the intent of this report the 
term « static stresses » defines what in 
America are commonly called « dead and 
live load stresses », that-is, stresses pro- 
duced by the load of the structure itself 
and by locomotives and trains using the 
structure, considered as stationary loads, 
and the term « dynamic stresses » de- 
fines what in America are commonly 
called « impact stresses, these represent- 
ing the increment to the live load stresses 
due to the fact that the loading produc- 
ing the live load stresses is in motion. 

The 1906 edition of the American Rail- 
way Engineering Association Specifica- 
tions for Steel Railroad Bridges (2) con- 
tained the following impact formula, 
which had been in use for some years 
previously: 


300 
je Gea 
© T+ 300 


where : 


I — Impact or dynamic increment to 
be added to the live load stress. 

S = Computed maximum live load 
stress. 


(1) This question runs a follows : « Investigation 
into the static and dynamic stresses in railway 
bridges ». 

(*) Proceedings, American Railway Engineering 
Association (A. R. E. A.), 1905, Vol. 6, p. 249. 


L = Loaded length of track in feet 
producing maximum stress in 
member. 


This formula is commonly known as 
the « Schneider » or « Pencoyd » for- 
mula, and was introduced about 1895. 

Between 1907 and 1911 extensive tests 
were conducted by a Committee which the 
American Railway Engineering Associa- 
tion delegated to investigate the matter of 
impact in railway bridges, Professor F. E. 
Turneaure, Dean, College of Engineering, 
University of Wisconsin, Madison, Wis- 
consin, being Chairman. In 1911 that 
committee submitted a report summariz- 
ing the results of its investigation up to 
that time, which indicated that the maxi- 
mum impact percentages, as determined 
by its tests, coincided closely with the 
formula 


Ps Se /, _ 2.000 000 
nee L? \" = 30 000 + L# 
30 000 


The 1911 report of the American Rail- 
way Engineering Association Impact 
Committee listed causes of impact as fol- 
lows (1): 


1. Unbalanced locomotive drivers. 
2. Rough and uneven track. 


(1) Proceedings, A.R.B. A., 1944, Vol. 12°Part3> 
De Or 
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3. Flat or irregular wheels. 

4. Eccentric wheels. 

d. Rapidity of application of load. 

6. Deflection of beams and stringers, 
giving rise to variations in the action of 
the vertical load. 


The work of the American Railway En- 
gineering Association Impact Committee 
was continued, under the Chairmanship 
of Professor Turneaure, and, in 1916, a 
further report was made. The « Sum- 
mary of Results », as the same appear in 
the 1916 report, which are generally iden- 
tical with those embodied in the 1911 re- 
port, are given below (1): 

1. With track in good condition, the 
chief cause of impact was found to be 
the unbalanced drivers of the locomo- 
tive. Such inequalities of track as exist- 
ed on the structures tested were of little 
influence on impact on girder flanges 
and main truss members of spans ex- 
ceeding 60 to 75 feet in length. 

2. When the rate of rotation of the lo- 
comotive drivers corresponds to the rate 
of vibration of the loaded structure, cu- 
mulative vibration is caused, which is 
the principal factor in producing impact 
in long spans. The speed of the train 
which produces this cumulative vibration 
is called the « critical speed ». A speed 
in excess of the critical speed, as well as 
a speed below the critical speed, will 
cause vibrations of less amplitude than 
‘those caused at or near the critical 
speed. 

3. The longer the span length the slow- 
‘er is the critical speed, and, therefore, 
the maximum impact on long spans will 
occur at slower speeds than on short 
spans, ma; 

4, For short spans such that the cri- 
tical speed is not reached by the mov- 
ing train, the impact percentage tends to 
be-constant so far as-the effect of the 


(!) Proceedings, A. R.E. A., 1916, Vol. 17, p. 146. 


counterbalance is concerned, but the ef- 
fect of rough tracks and wheels becomes 
of greater importance for such spans. 


5. The impact as determined by exten- 
someter measurements on flanges and 
chord members of trusses is somewhat 
greater than the percentages determined 
from measurements of deflection, but 
both values follow the same general law. 


6. On account of the influence of the 
« critical speed », the maximum impact 
on web members (excepting hip verti- 
cals) occurs under the same conditions 
which cause maximum impact on chord 
members, and the percentages of impact 
for the two classes of members are prac- 
tically the same. 


7. The impact on stringers is about the 
same as on plate girder spans of the 
same length and the impact on floor 
beams and hip verticals is about the 
same as on plate girders of a span length 
equal to two panels. 

8. The elfect of differences of design 
was most noticeable with respect to dif- 
ferences in the bridge floors. An elas- 
tic floor, such as furnished by long ties 
supported on widely spaced stringers, or 
a ballasted floor, gave smoother curves 
than were obtained with more rigid 
floors. The results clearly indicated a 
cushioning effect with respect to impact 
due to open joints, rough wheels and si- 
milar causes. This cushioning effect 
was noticed on stringers, floor beams, 
hip verticals and short-span girders. 

9. The effect of design upon impact 
percentage for main truss members was 
not sufficiently marked to enable con- 
clusions to be drawn. The impact per- 
centage here considered refers to varia- 
tions in the axial stresses in-the mem- 
bers and does not relate to vibrations of 
members themselves... Sak 

10. The impact due to the rapid ap- 
plication. of a load, assuming smooth 
track and balanced load, is found to be, 
from both theoretical and experimental 
grounds, of no practical importance, ° 
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11. The impact caused by balanced 
compound and electric locomotives was 
very small and the vibrations caused un- 
der the loads were not cumulative. 


12. The effect of rough and flat wheels 
was distinctly noticeable on floorbeams, 
but not on truss members. Large im- 
pact was, however, caused in several 
cases by heavily loaded freight cars mo- 
ving at high speeds, 


While the foregoing conclusions are 
based, in a major degree, upon the re- 
sults of experiment and observation, at- 
tempts to approach this question from a 
theoretical standpoint have not been lack- 
ing in America, and the results of such 
efforts are summarised as follows by the 
American Railway Engineering Associa- 
tion Committee on Impact (1) : 


1) The theoretical impact effect of a 
rapidly moving load crossing a span 
which deflects under the ioad and there- 
by forces the load to travel in a curved 
path, concave upwards. Such a load 
will exert a certain amount of centri- 
fugal force upon the structure. This 
effect may be called the effect of speed 
alone, all effect of counterweight, etc., 
being eliminated. It has been shown 
that this part of the impact effect is very 
small, and may be entirely neglected in 
spans exceeding 50 feet in length. If 
properly cambered, this effect disap- 
pears entirely. 


2) The centrifugal force exerted by 
the counterweights of the locomotive at 
high speed. This can be calculated, and 
will give results of value applicable to 
stringers and short-span structures. This 
effect is proportional to the square of 
the speed. Some attempt has been made 
to apply results of such calculations to 
long spans. This is very difficult or im- 
possible to accomplish. It has been clear- 


a 


(1) Proceedings, A. R. B. A.,. 19416; Vol. 47, 
p. 4119. 


_ For electric locomotives, the rotating 


ly shown by tests that for spans exceed- 
ing about 100 feet in length, the cumula- 
tive effect of the counterweight force is 
the important thing. About the only re- 
sult obtainable by applying theory to 
this condition is to show the evident 
possibility of high impact results. These 
high results are limited, however, in a 
very great degree by the fact that, for 
the longer spans, the speed which favors 
cumulative effect is not very high. 

Under these circumstances, the Com- 
mittee is of the opinion that very little 
aid can be had from theory and that re- 
sults of experiments must be relied upon. 
This is particularly true with respect to 
theories used by various foreign writers, 
on account of the great differences in 
working conditions. ‘ 


The following may also be quoted from 
the observations of the American Railway 
Engineering Association Impact Commit- 
tee, as summarized in the 1916 report (*): 


So far as the observations of the Com- 
mittee go, the maximum impact percent- 
age on all web members (except hang- 
ers) is about the same, irrespective of 
position in the truss. The reason for 
this is pointed out in paragraph 6, quot- 
ed above. However, owing to the in- 
fluence of the dead-load on the overload 
capacity of a bridge... and other practical 
considerations, it is probably desirable 
to use for all web members a value of L 
equal to the loaded length for maximum 
stress. This results in some increase in 
the size of the web members, particular- 
ly near the center of the span, which, on 
the whole, is a desirable condition. For 
hangers and floor members, both theory 
and observation indicate that L should 
be taken_as the loaded length. 


parts are well balanced, and the exper- 
iments of the Sub-Committee indicate 


aan 


(!) Proceedings, A. R. KR. A., 1916,-Vol.-47, 
p. 120. 
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that the impact under such loads is very 
small. In fact, what little impact exists 
would be caused by such features as 
poor joints and other irregularities in 
the track or in the locomotive wheels. 
The impact under electric locomotives is 
so much smaller than that under the or- 
dinary steam locomotives that the Com- 
mittee believes that where structures are 
to be used exclusively under electric 
traction, the impact to be assumed 
should be very considerably less than 
that given by the proposed formula. 


In the 1920 edition of the American 
Railway Engineering Association Specifi- 
cations for Steel Railway Bridges, the fol- 
lowing formula appeared : 


= 1300 ia 30 000 
L2 me 30 0002. Le 


In connection with the development of 
this paper, an effort was made to obtain 
a full expression from all parts of North, 
Central and South America. Question- 
naire was sent to each railroad adminis- 


tration on either continent affiliated with — 


the International Railway Congress, these 
administrations being distributed as fol- 
lows : 


United States of America and 
Dominion of Canada..... 94, 
Central and South America... 18 


Of these, replies were received from the 
following : 


United States of America and 
Dominion of Canada..... 42 
Central and South America. . . “a 
making a total of 14 replies. 


Of these, four used the impact formula 
300 


Le 60a 1, 


wich was largely superseded in 1920 by 
the impact formula 

30 000 
30 000 4- L2’ 


L=S 


and this latter formula is used by eight 
of the other roads responding. Three of 
the roads furnishing data use various 
formulas. 

Investigation undertaken by the Amer- 
ican Railway Engineering Association in 
1923 indicates that the Association’s Spe- 
cifications for Steel Railway Bridges of 
1920 are largely used throughout the 
United States and Canada. Replies to a 
questionnaire on this subject were receiy- 
ed from 92 railroads; of these it would 
appear that the specifications were in use, 
or proposed for use, by 79 railroads. 
These specifications provide for the use 
of the impact formula 


30 000 
30 000 + L2 
From. the foregoing, it will be noted 


that, as a result of the questionnaire used 
in connection with the development of 


aS 


‘this paper, and also the canvass of the 


North American situation conducted by 
the American Railway Engineering Asso- 
ciation, the formula 


30 000 


ie. 30 000 + Lz 


is in very extensive use, this formula giv- 
ing an impact or dynamic stress equal 
to.100 % of the live load static stress at 
zero span, 75 % at 100 feet span, 42.8 ,% 
at 200 feet span and 25 % at 300 feet 
span. 3 
The progress of human thought is cha- 
racterized by recurrent phases or periods, 
and, to this law, engineering research is 
no exception. Successive generations of 
engineers investigate identical problems, 
and, in numerous cases, reach conclu- 
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sions which, from a superficial scrutiny, 
indicate the necessity of modifying con- 
temporary practice or standards. 

Such discussions have occurred with 
respect to the engine loading used in the 
design of railroad structures, column for- 
mulas, and formulas covering the impact 
effect of moving live loads. Although, in 
many cases, the results achieved are of 
doubtful value, these discussions have the 
distinct advantage of concentrating atten- 
tion upon the subject. 

There is no question but that certain 
contributing factors to impact are suscep- 
tible of rigid mathematical analysis and 
determination. However, the fact re- 
mains that there will always be present 
other factors producing impact, which 
are not subject to such determination. 
That is, there is no question but that 
theoretical mathematical analysis is very 
valuable and necessary, but there must 
always be kept in mind the distinction 
between the theoretical investigator, the 
designing engineer and the constructing 
engineer, and also the railroad engineer, 
who is under the necessity of maintain- 
ing in service old and light bridges under 
the operation of motive power and cars 
which are constantly increasing in weight 
and severity of effect on such structures. 
Conditions of this character must be 
borne in mind in connection with the 
study of impact. 


Moreover, it is obviously impossible: 


that impact occur in any structure until 
the stresses occasioned by the dead load 
and live load occur. In eonsidering this 
subject, therefore, the object is not alone 
the development of an impact formula, 
but the collective results obtained by a 
summation of the factors of dead load, 
live load and impact. 


The ultimate design of bridges may 
readily be compared, including live load, 
dead load and impact, using various for- 
mulas for impact, and then equating the 
ultimate result on the basis of a specific 
impact formula. For instance, such a stu- 
dy with respect to the impact formula 


<__300 30 000 : 
Lao 30 000 + L? 


(1=s 


2 


200d 

shows that, for span lengths ranging 
from zero to 100 feet long, not over 3 % 
total variation in the ultimate design of 
the structure would be obtained. For 
span lengths varying from 100 to 200 feet 
a variation of 9 %, and from 200 to 300 
feet a maximum variation of 13 % would 
be obtained. 

In this connection, it is well to note that 
the vast majority of railroad spans are 
very short, in fact, a survey of conditions 
in that part of the United States of Amer- 
ica lying east of the Mississippi River and 
north of the Ohio and Potomac Rivers, 
which is very highly developed from a 
railroad standpoint, would indicate that 
perhaps 97 % of railroad bridge spans 
are 120 feet or less in length. 

Progress is attained only through the 
free interchange of ideas and experience. 
However, in challenging a practice alrea- 
dy current, every pertinent factor should 
be carefully weighed. Innovations should 
be admitted with caution, and, in each 
case, only after it has been demonstrated 
beyond all doubt that such a change will 
be productive of substantial advantages. 
It is sometimes preferable that practice 
concerning which question has arisen be 
retained pending exhaustive investigation 
rather than subjected to frequent and 
hasty changes. 
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(America,Great Britain, Dominions and Colonies, China and Japan) 


ON THE QUESTION OF THE USE IN RAILWAY WORK OF MACHINES FOR 
SIMPLIFYING STATISTICAL AND ACCOUNTANCY WORK (SUBJECT XIV 
FOR DISCUSSION AT THE ELEVENTH SESSION OF THE INTERNATIONAL 
RAILWAY CONGRESS ASSOCIATION), 


By Wi.uiiam KB, EPPLER, 


COMPTROLLER, DELAWARE AND HUDSON COMPANY, 
VICE-PRESIDENT, RAILWAY ACCOUNTING OFFICERS ASSOCIATION. 


Figs. 1 to 14, pp. 510 to 536. 


The collection and compilation of sta- 
tistics is by no means a modern idea. In 
one form or another the collecting of data 
has been a fixed governmental function 
for more than three thousand years. Re- 
gistration of the population of ancient 
Egypt, the numbering of the children of 
Israel, the tax census established by Solon, 
the registering of births and deaths in 
the temples of ancient Rome — these are 
some of the evidences of the recording of 
statistical information in its earliest 
forms. 

With more highly organized govern- 
ment during the Middle Ages came also 
the need for more definite knowledge of 
the financial, military, and political re- 
sources of a country. In 1501, there 
was inaugurated in Augsburg a regular 
and continuous registration of births, 
marriages, and deaths. Baptismal re- 
cords were established in London in 
4550, and so-called « bills of mortality », 
that is, death records, in 1592. 

Realizing the great value of facts other 
than those relating solely to population, 
Frederick the Great in 1751 ordered an 
enumeration of all cattle within his 
kingdom, in 1772 of all the factories and 


their output, and in 1778 the gathering 
of data regarding seeds and harvesting. 

At the close of the French Revolution, 
the new government of France was ham- 
pered by a lack of census material con- 
cerning its population, composition, 
wealth, and energies. Confronted by 
the same serious problem, the Federal 
Government of the United States ordered 
its first census in 1790, and since then 
a census has been taken regularly every 
tenth year. 

From that time on, the development of 
statistics relating to the commercial and 
industrial life of the United States ad-— 
vanced rapidly. The accumulated mater- 
ial, however, grew to such quantities that 
correlation of important facts was re- 
tarded. 

It was largely that condition which 
gave rise to the need of other than avail- 
able means to analyze such facts. In 
4880, Dr. Herman Hollerith, special agent 
of the United States Census Bureau, be- 
gan a series of experiments and develop- 
ed a system for recording information re- 
garding each individual by punching 
holes in strips of paper and later in 
cards. These holes controlled an elec- 
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trically actuated mechanism which serv- 
ed as a counting or adding device. Thus 
single classifications of data, or classi- 
fications in desired groups, became me- 
chanically obtainable. 

Dr. Hollerith’s system, when carefully 
investigated and tested, was found to be 
so rapid and useful and accurate, and so 
superior to all other known systems, that 
it was chosen for compiling the returns 
of the United ‘States Census of 1890. The 
success attained attracted widespread at- 
tention throughout the world. 

With the increasing demands by go- 
vernmental and industrial officials for 
statistical information, greater speed and 
accuracy became necessary in the compi- 
lation of such data, and with these de- 
mands began the appearance of numer- 
ous other mechanical devices, and the 
punched card system was constantly im- 
proved. 


While the United States Government 
was responsible for the invention of elec- 
tric tabulating and accounting machines, 
it remained for a railroad to become the 
pioneer commercial user. In 1896, the 
New York Central Railroad Company in- 
stalled a set of these machines for exper- 
imental purposes, to determine whether 
they were adaptable to purposes other 
than census work; and, from the exper- 
ience gained there, the practice became 
widespread until now these machines are 
in general use. 


As in the case of the Government and 
in all industries, the collection and com- 
pilation of statistical and accountancy 
data constitute a guiding force in the ma- 
nagement of the transportation industry. 
Accuracy and, speed usually determine the 
value or usefulness of the data. 

Machines provide a means by which 
such data can be obtained quickly and 
economically, without, ordinarily, neces- 


sitating a fundamental change in the rou- 


tine of existing accounting methods. The 
machine method is generally recognized 
as providing rapidity and dependability 
in analyzing such accounting and statis- 
tical data as develop in the everyday ope- 
ration of a railroad. 

Because of the great cost in time and 
money of compiling voluminous figures 
manually, much desirable and valuable 
information is never secured where the 
manual method alone exists, if it is pos- 
sible to imagine any such situation under 
the present day conditions. To meet this 
condition, various machines have been 
devised to compile and make available 
the figure-facts of a railroad, which can 
often be accomplished at the minimum 


expenditure of time, energy, and money 


only through some mechanical aid. 

The use of machines in railway statis- 
tical and accountancy work has not yet 
made it possible to proclaim the freedom 
of that work from complexity, intricacy, 
or elaborateness. Machines have not 
simplified railway accounts and _statis- 
tics in the sense of making them less 
complex. Indeed, it may be urged that 
machines often present the lure of re- 
serve capacity, which, if utilized, will 
give added volume or increased produc- 
tion. Yielding to the temptation to ob- 
tain more results from the machines is 
the line of least resistance and probably 
is followed with some degree of frequen- 
cy. However, the value of the added sta- 
tistics or accountancy results so obtained 
must be measured by their -usefulness 


rather than by the criterion of quantity. — 


The determining factor is the utilization 
of the statistical or accountancy results 
~~ not merely their potentialities in the 
way of production through mechanical 
means. 


From the standpoint of being an easier 
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or shorter process for doing railroad sta- 
tistical or accountancy work, machines 
are, speaking broadly and generally, pro- 
ductive of simplification. In other 
words, the use of machines simplifies the 
method of compiling. 


It remains for every railroad to decide 
for itself what machines, if any, to use in 
simplifying its statistical and accountan- 
cy work. Conditions vary; the needs 
and demands differ on various railroads, 
and there are many factors to be consid- 
ered. The machine that is particularly 
adapted to the requirements of one rail- 
road may not necessarily be a success on 
another railroad. On the other hand, 
some machines attain general widespread 
use and acceptance. All that has had 
the effect of encouraging inventive ge- 
nius and promoting research into and 
the development of machines adapted to 
railroad office use. Consequently, those 
interested in such machines, from the 
standpoint of utility, usually have a wide 
range of choice, depending much upon 
the needs, demands, and conditions to be 
met. 


Efficiency and economy — these two_ 


words constitute the controlling and im- 
pelling reasons for the use, by railroads, 
of machines in simplifying statistical and 
accountancy work. However, that gene- 
ralization is subject to some qualifica- 
tion as well as some amplification. 

Usually a machine is no more efficient 
. than its supervision or its human opera- 
tor. It does not necessarily follow, there- 
fore, that the adoption of machines pro- 
motes efficiency, for the human factor 
must be taken into consideration in that 
connection, although obviously many ma- 
chines do possess advantages or elements 
of efficiency superior to what would 
exist if no mechanical means were utiliz- 
ed for the same purpose. 


The economy effected by the use of 
machines in simplifying statistical and 
accountancy work is sometimes real, tan- 
gible, and convincing; is sometimes elu- 
Sive, intangible, and difficult or impos- 
sible of demonstration; is sometimes 
nonexistent, but even that situation is not 
necessarily subject to warranted criti- 
cism under all circumstances. The re- 
duction of the nerve-racking monotony 
incident to clerical work is frequently 
regarded as sufficient justification for 
the installation of machines. 


Punched hole accounting. 


Tabulating machines, together with 
punching and sorting machines, perform 
the essential operations encountered in 
railroad accounting or statistical work. 
Those operations consist of preparation 
of underlying data, sorting the data into 
classes, and tabulating or totaling the 
data in each class. The punch machine 
performs the function of compiling the 
detail through the process of punching 
the data on cards. As the name indic- 
ates, the sorting machine sorts the data 
into_classes, while the tabulating machine 
obtains the totals for the different classes. 

Punched hole accounting is a notable 
advance in connection with railway ac- 
counting and statistics. The fact that 
statistical information regarding a_per- 
son or a transaction can be transcribed 
fo a card by means of punched holes and 
this information, with economy of time 
and labor, can then be tabulated, by 
means of mechanical devices, and pro- 
duce any desired statistical result, has 
caused widespread use of the punched 
card method in railroad offices in place 
of written transcripts. 

The flexibility of figures and the un- 
limited possibilities in the combination 
of numerals are utilized in punched hole 


accounting. The necessary or desired 
figure-facts can be recorded in such de- 
tail as will produce an imposing array of 
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Fig. 4. — A typical tabulating card. 


The basic principle of punched hole 
accounting is the translation of any given 
written information into numerals. The 
first step in the operation of this method 
is to devise an adequate system of num- 
ber symbols depending upon the purpose 
for which, or the extent to which, the 
machines are used; that is, accounts are 
designated by one set 6f numbers, states 
or provinces by another, operating divi- 
sions by a third, accounting divisions by 
still another set of numbers, and so 
forth. Thus, each class of information 
has a particular set of numbers assigned 
to it. 

The data in detail, such as account 
numbers, charges to accounts, or other 
information, are punched on each sepa- 
rate card by means of the key punch ma- 
chine, which is operated in much _ the 
same manner as a nonlisting computing 
machine. 

The cards are especially printed and 
particularly designed for use in connec- 
tion with the tabulating machine system, 
and are of uniform size and thickness. 


As a means of indicating their posi- 
tion, any one of the four corners of the 
cards is clipped, a different corner being 
cut if the same form is used for various 
classes of data. If a corner then pro- 
trudes, it is evident that a card is out of 
position or included in the wrong group. 

Cards are divided into « fields » by 
drawing vertical lines between the rows 
of digits printed on the cards. The fol- 
lowing illustration will show the first 
step in designing a tabulating card: A 
line drawn between the first and second 
rows of digits on the left-hand side of 
the card gives us one field or 12 record- 
ing positions for indicating the 12 months 
of the year. These positions are known 
as recording positions, to differentiate 
them from the adding fields on a card, as 
there are 12 recording positions and 9 ad- 
ding positions, excluding zero, on a tab- 
ulating card. By drawing a line between 
the third and fourth rows of digits we 
have another field, consisting of two rows 
of figures, which can be used for indicat- 
ing the 34 days of the month. This same 
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process may be continued for recording 
other needed data. 

The act of drawing a vertical line, 
therefore, automatically transforms a 
plain card with 45: or 80 columns of fig- 
ures into an accounting or statistical re- 
cord of astounding flexibility. The ac- 
curacy of the record cannot be question- 
ed, as a hole once punched is not subject 
to transposition or change, which is pos- 
sible where figures are recorded or list- 
ed manually. 


A record of this kind makes it possible 
to store information for monthly, quar- 
terly, or other future use, and the rapi- 
dity with which facts can be recorded 
through the use of punched holes permits 
the accumulation of all data for each 
transaction. 


Written data and various classes of 
statistics can be recorded on tabulating 
cards, and a constant reanalysis or break- 
ing down of accounts into subdivisions 
continued almost indefinitely, permitting 
diverse studies or analyses of the same 
figures from different view-points, thus 
indicating the flexibility which has been 
made possible: through the combination 
of tabulating mechanisms and punched 
cards. 

Broadly speaking, there are two types 
of tabulating machines : one electrically 
driven and electrically operated, and the 
other electrically driven and mechanical- 
ly operated. Within the limits of this 
paper, both types cannot be discussed or 
treated. It is, therefore, necessary to 
confine the discussion here to one type, 
although this should not, of course, be 
construed as indicating any preference, 
the choice being dictated by necessity 
and in no way based on the relative me- 
rits of the two types. Furthermore, the 
type of tabulating machines hereinafter 
described will not receive exhaustive 


treatment; there is more that can be said. 
Sufficient description is given, however, 
to indicate the general principles — and 
much is left to the imagination, judg- 
ment, and discretion of the individual. 


Tabulating cards, individualized. — Ta- 
bulating cards are available in colors, in 
order to differentiate between classes of 
statistical or accountancy records. Color 
striped cards are used for this same pur- 
pose and offer a wide range of individua- 
lizing records. When conditions neces- 
sitate a still greater range, striped colors 
are utilized in conjunction with colored 
cards, but care must, of course, be exer- 
cised in such cases to secure contrasts. 
A green stripe on a green card, for in- 
stance, even though the shade of green 
is slightly different in both cases, would 
not supply a-sufficiently strong contrast 
to be of practical service. The best re- 
sults in striping are secured from solid 
tinted stock striped with a different 
color. 


Key punch machine. — In the manual- 
ly operated key punch, the depression of 
a key results in the punching of a hole 
in a card and causes the card to move 
forward to the next punching position. 
In this way, information is recorded on 
tabulating cards by means of punched 
holes. Proficiency in the use of the 
punch machines is quickly acquired, and 
the information is transcribed to the 
cards with almost miraculous ease and 
rapidity. 


Key punch, electric. — The purpose of 
the electric key punch is the same as that 
of the manually operated machine and 
the method of handling is quite similar. 
Only a slight depression of the key, how- 
ever, is required. The electric current 
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pulls down the key, the hole is punched, 
1e key is released, and the card mov 

the key leased, and the card moves 

forward to the next punching position. 


Electric duplicating key punch. — This 
machine records data on tabulating cards 
in the same manner as the two machines 


Fig. 2. — Electric key punch. 


already described. It is so designed that 
all information common to more than 
one card is recorded automatically. Any 
card in its entirety, or any portion of it, 
can be duplicated with absolute accuracy 
and great rapidity. The device can be 
used as an individual card punch, for 
punching cards singly, or it can be 
used for duplicate punching. When 
either the whole or only a part of the 
punching is to be duplicated, a master 
card is inserted in the rear carrier with 
the information recorded which is com- 
mon to a number of cards, and the ma- 
chine automatically punches holes in the 
proper position on separate cards in ac- 
cordance with the perforations appearing 
on the master card inserted in the rear 
carrier. When the fields in a card, 
which are to be duplicated, have beeen 
punched, the punch automatically stops, 
and specific information pertaining to a 
section of the card, for a certain transac- 
tion, is punched by operating the keys 
in the regular manner, 

The punch has a self-feeding mechan- 
ism and automatically places in position 
the cards which are to be punched, when 
the card carrier is placed in punching 
position. The duplicating of perfora- 
tions is based entirely upon the holes in 


the master card in the rear rack, which 
insures absolute accuracy and uniform- 
ity of the punched information common 
to all cards. 

When desired, cards of different form 
or color may be fed directly into the 
punch without removing or in any way 
disturbing those in the magazine. 


Verification key punch. — In opera- 
tion the verification punch is like the key 
punch, but its purpose is to verify the 
accuracy of key punching. After cards 
have been perforated, the. punching is 
verified by merely inserting the punched 
card in the verification punch in the 
same manner as was done when the cards 
were originally punched. The verifica- 


tion consists of the operator depressing 


the corresponding keys in the verifier 
for the information appearing on the re- 
cords from which the cards were origin- 
ally punched. If the original punching 


is correct, the carriage and car will move © 


forward to the next punching position 
in the same manner as was done when 
the card was originally perforated. But 
if the card is incorrectly punched, or if 
a wrong key is depressed on the verifier, 
the eard and carriage remain stationary. 
The verification punch, however, is not 
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generally used, as the punch operators 
become so proficient that punching is 
accurate and any possible errors can be 
readily located through the use of control 
figures for the various classes of  sta- 
tistics compiled. 


Automatic gang punch. — The automa- 
tic gang punch is exclusively a recorder 
of common data. It is entirely automatic 
in operation and records all pertinent 
data at the rate of 125 cards per minute. 

The punching dies can be set up manu- 
ally by means of keys, or automatically 
through the use of a punched and verifi- 
ed master card. Either method guaran- 
tees accurate duplications. 

A feature of the automatic gang punch 
is the automatic shut-off, which stops the 
feeding mechanism when a predetermin- 
ed number of cards has been punched. 


Fig. 3. — Electric sorting machine. 


Electric sorting machine. — The sort- 
ing machine assembles all cards for each 
class of information and simultaneously 
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arranges the various classes in numerical 
sequence, no matter in what order they 
may be. The machine is used for sorting 
information or segregating data into 
groups or classifications. The sorting 
machines are made in two models, hori- 
zontal and vertical. Where conservation 
of room is necessary, the vertical type ma- 
chine is more desirable, as it requires 
less floor space. 


Electric tabulating machine. — The ta- 
bulating machine is used for totaling 
large groups of cards covering similar 
classifications of data. The totals of 
quantities and amounts punched on the 
cards are registered on counters. The 
machine adds simultaneously from one 
to several columns of figures at an as- 
tonishing rate per minute for each coun- 
ter. 

There is a nonprinting type of tabulat- 
ing machine which has a wide range of 
uses in all classes of tabulating work. It 
is particularly adapted to those instances 
where the classes of information are 
numerous and the cards to be tabulated 
in each class are few. The machine may 
be set to secure subtotals and grand totals. 

The printing type of. tabulating ma- 
chine adds the quantities and amounts 
punched in tabulating cards in the same 
manner as does the nonprinting machine, 
but differs in that it makes printed re- 
cords directly from the punched cards. 
When group totals only are desired, the 
machine adds from one to several co- 
lumns of figures simultaneously. When 
detailed analyses are required, this ma- 
chine can be transformed instantly into 
a listing machine capable of printing 
from one to several itemized columns of 


‘figures, together with group totals. Ruled 


report forms can readily be inserted in 
the machine and finished reports secur- 
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ed in printed detail directly from the 
punched tabulating cards. Carbon copies 
can be secured. 

Applications. 


The applications of tabulating and ac- 
counting machines in railroad work are 


so numerous that only a partial list of 
those found in the countries covered by 
this report can here be given. The Dela- 
ware «& Hudson Company, one of the 
pioneer railroad companies of America, 
may be taken as an illustration of an 
extensive user of machines for account- 


Fig. 4. — Printing tabulating machine. 


ing and statistical purposes. At the pres- 
ent time, machines are being used, or 
their use is contemplated, by that Com- 
pany, for operations such as : 


Timekeeping — Transportation, Main- 
tenance, and Motive Power Depart- 
ments — and the preparation of 
payrolls applicable thereto. 

Distribution of labor charges to prim- 
ary operating copene and other 
accounts. 

Compilation of labor statistics pertain- 
ing to wages, classification of em- 
ployes, group insurance, etc. — 

Preparation of bills versus other lines 
for repairs made to their cars. 

Compilation of freight commodity, 


tonnage, and various traffic statis- 
tics. 


Determination of interline forwarded 
and interline intermediate freight 
revenues. % 


Verification of freight settlements made, 


by other carriers. 

Compilation of statistics incident to 
overcharge and loss and damage 
freight claims. 

Compilation of locomotive, train, car; 
and ton mileage statistics. 

Maintaining’ station freight accounts 
in general office. 


In Japan, the Imperial Government 
Railways have their main equipment of 
wecounting machines at Tokyo, with smal- 
ler installations at six divisional account- 
ing offices. Daily accounts of freight 
movements are made and statistics relat- 
ed to ton-mile movements, commodity 
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statistics, and traffic density statistics 
are extensively prepared by machines. It 
is proposed to utilize machines in con- 
nection with passenger traffic statistics 
also. 


The South Manchuria Railway is wak- 
ing a study and carrying on experimental 
work in an effort to adapt machines to 
their needs. 


In Argentina, Brazil, Chile, Cuba, and 
Mexico, tabulating machines may be found 
in the accounting offices of many of the 
railroads operating in those countries, 
for compiling statistics and for freight 
accounting. : 


In Great Britain, Dominions and Colo- 
nies, machines are extensively used for 
practically the same purposes as in the 
United States. Some of these purposes 
have already been mentioned, but there 
are many other operations for which ta- 
bulating machines are used in America 
and Great Britain, of which the follow- 
ing may be noted : 


Verifying station agents’ 
monthly abstracts of local and in- 
terline waybills forwarded and re- 
ceived. 

Balancing local advances and prepaid 
forwarded with the received. 

Balancing advances and prepaid for- 
warded as reported by other car- 
riers with station agents’ interline 
forwarded abstracts. 

Balancing freight advances and pre- 
paid as_reported by station agents 
-on interline received abstracts with 
interline freight reports rendered to 
foreign carriers. 

Verifying switching settlements with 
per diem reclaim statements and in- 
terchange car reports. 

Distribution of all debits and credits 
to. operating and other accounts 
from which the monthly analysis of 
operations is compiled; also com- 
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piling operating results by divis- 
ions. 

Preparation of and accounting for em- 
ployes’ pay checks. 

Distribution of voucher, bill, and ma- 
terial charges and credits. 

Obtaining record of equipment for 
purposes of typing loose-leaf unit 
record of locomotives and cars, the 
cards being used as a working me- 
dium for depreciation reports, an- 
nual, and valuation reports, etc. 

Material accounting through the use 
of a combination requisition and 
punch card, the material being or- 
dered on information posted to the 
card and the card punched when 
received in the accounting office 
from such information; also results 
of inventory tabulated in similar 
manner from cards showing actual 
count of material at locations. 

Personnel records. 

Compiling station reports for regula- 
tory bodies. 

Compiling annual reports for taxing 
authorities. 

Compiling passenger statistics. 

Compiling statistics relating to acci- 
dents, failures on account of defec- 
tive rails, wheels, or other causes. 

Compiling statistics relating to fuel 
and lubricant consumption. 


Procedure. 


In order that a clearer conception may 
be gained of the exact procedure in the 
case of some of the major applications of 
the punched hole method, there is incor- 
porated in this report, in Appendix A, a 
detailed account of the procedure involv- 
ed in time-keeping, the preparation of 
payrolls, and the distribution of labor 
charges; and, in Appendix B, the proce- 
dure for the preparation of freight com- 
modity statistics, as followed in the ac- 
counting offices of The Delaware & Hud- 


son Company. There is also added, in 
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Appendix (C,a description of a station ac- 
counting plan, largely conducted through 
the use of machines — a plan prepared 
by the Railway Accounting Officers As- 
sociation, whose headquarters are located 
in Washington, D. C., and whose mem- 
bership extends to a number of countries 
throughout the world. 


Calculating machines. 


For our purposes, this general heading 
will be considered applicable to machi- 
nes that multiply, divide, and subtract, 
adding machines, listing and nonlisting; 
computing machines, etc. Brief mention 
will be made of some of the machines 
and their uses, but none of them can, for 
obvious reasons, be comprehensively 
treated within the limits of this paper. 
At best, therefore what follows can be 
merely indicative. 


Adding and listing machine. — Such 
machines are operated by depressing keys 
and pulling a handle or pressing a bar, 
if motor-driven. They record the figures 
on paper tape or sheets of paper and are 
utilized when necessary to have a per- 
manent record of items. In general, they 


_ are employed in : 


Listing open items in proving balances 
in ledger account (reconcilements). 
The drawing off on work sheets and 
footing work sheets is thus avoided. 
By using a wide machine, the num- 
bers and amounts of vouchers, bills, 
or pay checks can-be drawn off at 
the same time. 

Listing material requisitions by clas- 
ses, accounts, and accounting divis- 
ions for charge and credit and for 
statistical purposes. 

Listing pay checks, time checks, 
vouchers, or similar items. 


Duplex adding machine. — The duplex 
or two-counter adding machine is equip- 


ped with two adding counters, one upper 
and one lower, permitting two separate 
totals to be accumulated simultaneously. 
A lever is attached to the keyboard which 
throws either counter into operating po- 
sition, but only one counter can be active 
at any one time. While one counter is 
in a position to add, the other becomes 
inactive. Having accumulated a total in 
the upper counter, it is possible to trans- 
fer the total to the lower counter and 
thus make up a grand total. Amounts 
can be added in the upper and lower 
counters alternately. 


Adding machines with word-printing 
devices, shuttle carriage, tabulators, and 
other devices. —- There are types of ad- 
ding machines which have word-printing 
devices attached to them, thus enabling 
an operator to print dates, months, bil- 
ling, and bookkeeping terms opposite 
printed numerals, while others have some 
20 or 30 different characters or symbols 
which can be so utilized. 

Still other types are equipped with a 
shuttle or movable carriage and tabulators 
similar to a typewriter, so that amounts 
can be printed wherever the operator de- 
sires, and various split totals accumu- 
lated. ; 


Machines especially adapted for multi- 
plication, division, addition, or subtrac- 
tion. — Such machines have a full flex- 
ible keyboard, through which factors are 
set. Automatic multiplication is accom- 


plished through special rows of keys 4 | 


to 9. To multiply by 9, you press No. 9 
key, the machine operating nine times, 
stopping automatically. By touching a 
button, the machine automatically clears. 

One kind of machine is nonlisting, both 
product or quotient and multiplier or di- 
visor being recorded on the dials, while 


another kind is nonlisting and operated J 
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in the manner already indicated, except 
that numbered keys are used instead of 
levers for multiplicand or dividend. 


A nonlisting motor-driven machine is 
operated by depressing a key for multi- 
plicand, multiplier, dividend, and divi- 
sor, and the results are recorded on dials. 
The carriage is.automatically shifted for 
eacb unit. 


Another type of machine is operated 
by setting markers for divisor, dividend, 
multiplier, or multiplicand and turning 
the crank, or, if motor-driven, by press- 
ing the bar. It requires but one opera- 
tion for each unit. The figures are re- 
corded on dials. 


Nonlisting computing machines. — 
Such machines are operated by hand 
pressure on keys, the figures being re- 
corded on dials when the keys are de- 
pressed. They are used for multiplica- 
tion, addition, subtraction, and division. 
The best results are obtained by assign- 
ing permanent female operators and 
training them to operate by the touch sys- 
tem. There are nonlisting adding ma- 
chines, which are operated by setting 
keys and pulling a lever, the figures 
being recorded on dials. They may be 
operated by inexperienced clerks; an ex- 
pensive machine may thus be used for 
general purposes and shifted from desk 
to desk as needs require. 

Nonlisting computing machines are 
used for many operations, some of the 
most common uses being the following : 


Making and verifying extensions and 
footings on vouchers, bills, payrolls, 
and statements. 

Prorating common operating expenses 
between operating divisions, ac- 
counting districts, states, or classes 
of service. 

Compiling train, car, gross, and net 


ton-miles in division accounting of- 
fices from wheel reports. 
Arriving at total of pay checks and 


drafts. 

Totaling requisitions and invoices as 
a check against adding machine 
tapes, when list is necessary, to 
avoid calling items back against 
tape. 


Cross-footing and balancing monthly 
statistical sheets’ to arrive at total 
for year, avoiding necessity of 
drawing items off on a work sheet. 


Charts used in connection with non- 
listing computing machines. — As a 
means of symplifying computing ma- 
chine operations, an extensive line of 
charts and tables is in common use. 
Among others the following might be 
mentioned : 


Payroll table decimal equivalent of 
days for 24 to 31 day month. 

Rate per minute for each hourly rate. 

Reciprocal table where constant di- 
visor is used. 

Discount table, showing net of $1.00 
after discounts are taken off. 


Central bureau nonlisting machines. — 
In many railroad accounting departments 
all the nonlisting machine work is cen- 
tralized in one department in which none 
but female operators are employed. 
Practically all computing machine work 
for an entire departmental office is then 
performed in this central bureau. Such 
an arrangement permits training opera- 
tors on all classes of work and reduces 
waste time to a minimum. 


Typewriters. 


Although typewriters are utilized for 
innumerable purposes, they serve’ princip- 
ally for correspondence, statement work, 
and what might be termed general use, 
such as preparation of bills, vouchers, 
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waybills, etc. For statement work, the 
machines are usually equipped with tabu- 
lators. Typewriters are often utilized 
for posting or writing in loose-leaf re- 
cords, and the flat-writing typewriters 
find similar uses in bound books or re- 
cords. The typewriter, when equipped 
with two kinds of type, one plain and one 
pinpoint, can be advantageously employ- 
ed for writing drafts, checks, and other 
negotiable paper. A machine thus ar- 
ranged becomes a typewriter combined 
with check protector. The name and ad- 
dress is written with the plain type, while 
the amount is written with the pinpoint 
perforating type, to guard against mani- 
pulation. 

The preparation of waybills, by the use 
of typewriters, is illustrative of one kind 
of simplification attained in railway ac- 
counting through the utilization of ma- 
chines. The waybills thus prepared are 
more legible, and, therefore, more readily 
and accurately read by trainmen and 
others — facilitating the handling of 
freight. The advantages to the agent at 
destination are of a similar nature. In the 
accounting departments, the auditing of 
the waybills is accomplished with more 
speed and accuracy than would exist if 
the waybills were not prepared by ma- 
chine. The carbon copy of a waybill pre- 
pared on a typewriter is, or should be, 


clear and legible, eliminating the blurred. 


appearance of a copy of a waybill obtain- 
ed by means of the copy press. 

The advantage of legibility, incident to 
the preparation of waybills on the type- 
writer, applies with equal force to vari- 
ous other documents, such as freight 
. bills, checks, drafts, or reports of all 
kinds. 


The use of the typewriter has created 
widespread adaptability of the carbon 
process in producing copies and in pre- 


paring various underlying forms at one 
writing. The labor of inserting carbons 
is intended to be eliminated by the mani- 
fold system, and there are several differ- 
ent types of machines designed for type- 
writing manifold forms. 


Typewriter with adding machine at- 
tachment (motor-driven). — For state- 
ment, bookkeeping, and other general 
work where it is necessary to foot typed 
figures, and cross-foot and carry an accu- 
mulation of totals, a typewriter with ad- 
ding machine attachment is very advant- 
ageous. The separate operation of foot- 
ing the completed statement after typing 
is thus eliminated. 


Combined typewriter and computing 
machine. — An electrically operated com- 
bined typewriter and computing machine 
has four accumulators, adds, subtracts, 
multiplies, and divides and is specially 
adapted to bookkeeping, statement work, 
and the rendering of bills. 


Typewriter — flat writing. — A spe- 
cial type of machine is used when the 
statement or record sheets are too large 
for the ordinary wide carriage machine, 
or when it is inadvisable or impossible 
to roll the sheets through the machine, 
or when posting is to be made to bound 
books. 


Typewriter cyclometer. — This device 
is attached to typewriters to record the 
output and determine the efficiency of 
individual operators. It records the 
number of key and space bar strokes. 


Line-a-time, — A device attached to the 
desk of the typist directly behind the 
typewriter and facing the operator, known 
as the « Line-a-time », is equipped with 
a lever-operated guide for following the 
line, eliminating the necessity of using 
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a rule or other flat instrument for that 
purpose. 


Planographing or photolithography. 


A type of mechanical method provid- 
ing simplification for railway statistical 
and accountancy work is known as pho- 
togravure, photolithography, or plano- 
graphing, these three terms of ten being 
used synonymously. 

The term « photogravure », as used in 
this connection, is intended to -indicate 
the process for making prints or printing 
from an intaglio plate prepared by pho- 
tographic methods. 

« Photolithography » would indicate a 
combination of photography and lithog- 
raphy, but printing is also included in 
the process. 

« Planographing », which is the term 
generally used in railroad parlance,means 
the process for printing from a flat sur- 
face, but that should not be regarded as 
a definite limitation. The plates used in 
the planographic process may be circular 


or in any form necessary for printing.— 


In the planograph process the prints 
are made from a zine plate prepared 
from or by photographic methods. The 
original (which may be typewriting, 
handwriting, printing, or other form of 
reproduction) is placed upon a board, 
under a powerful light, and photograph- 
ed with a large camera which has a prism 
attached to the front of the camera. This 
prism causes the photograph to be taken 
right side up on the negative plate. This 
negative is touched up, when -necessary, 
so that the letters or figures will all be 
clear. Then the plate is placed upon a 
piece of zinc which has been treated with 
chemicals. The light, going through the 
negative, transfers the image to the zine 
plate, which is treated further so as to 


have the image take the ink in printing. » 


Lastly, the zinc plate is placed on the 
press and the ordinary process of press 
work (printing) with a plate completes 
the process. 

The process is particularly useful in 
the interest of accuracy, as it eliminates 
any necessity of proofreading. The re- 
duction in size possible by reason of the 
photographic part of the process offers 
many practical advantages. 


Standardization of forms. 


An important factor in the use of ma- 
chines for railway accounting work is 
the standardization of forms that are in- 
terchanged among carriers, including re- 
ports made to the carrier by other carri- 
ers. This may be illustrated by the fol- 
lowing : When two or more carriers are 
interchanging freight, and the waybill 
goes through to final destination, it is 
obvious that such waybill is prepared 
primarily for the use of some other road 
and not for the convenience of the road 
which makes or prints the waybill form. 
Therefore, the blank must be uniform in 
size and arrangement, so that any parti- 
cular information will always be found 
in the same place on the forms of differ- 


- ent carriers and so as to facilitate filing, 


reference, etc. 
Miscellaneous machines. 


In a report on machines for simplify- 
ing statistical and accountancy work one 
should not fail to make at least passing 
reference to various miscellaneous me- 
chanical devices that are being used by 


railroads. While some of the items in-_ 
cluded in this report may seem unimpor-_ 


tant, it is thought that a_record of this 
sort in the Bulletin of the International 
Railway Congress Association: will serve 
as an interesting mirror of the status of 


machines and mechanical devices in rail-- 
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road-accountaney work during the period 
of 1925 to 1930. Considering the rapid 
progress in the development of machinery 
in other fields in our age and realizing 
the infinite resources of the human mind 
in inventing new devices, it is conceiv- 
able that a reporter for a future congress, 
writing on this same subject, will turn 
back to this record and by comparison be 
able to chronicle a remarkable advance 
over the methods and devices of this day. 


Dictating and transcribing machines. 
— For general correspondence purposes, 
letters are dictated into these machines 
and recorded on wax cylinders. The 
cylinder is then given to the operator 
who slips it on the transcribing machine 
and, as the dictation is reproduced, types 
the dictated matter on the typewriter. 
Telegrams and mailgrams are dictated on 
separate cylinders to permit preferred 
attention and expedite transcription. 
This method eliminates the time lost by 
stenographer when taking dictation di- 
rect from correspondent. After the let- 
ter has been transcribed, the cylinder is 
shaved and used over again. All tran- 
scribing is sometimes done in a central 
bureau. The cylinders are collected at 
stated periods and delivered to the tran- 
scribing department. 


Mimeograph. — Mimeographing devices 
are used for obtaining a number of co- 
pies of circulars, statements, ete., by 
means of stencils cut on a typewriter. 


Dermatype stencils. — When an un- 
usually large number of copies are re- 
quired, dermatype stencils are sometimes 
employed. Such stencils can be cleaned 
and filed away and additional copies run 
off when desired. 


Gelatin duplicator. — Gelatin duplica- 
tors are used for preparing a small num- 


ber of copies of circulars or statements. 
The statement or circular to be duplicat- 
ed is prepared either by hand or on type- 
writer with specially prepared ink or 
ribbon and applied to gelatin surface. 
Copies are then obtained by applying 
blank sheets to impression left by ori- 
ginal or master sheet. The duplicating 
surface comes in rolls and after one sur- 
face has been used a new one may be 
obtained by turning a handle. 


Clay duplicator. — This device con- 
sists of clay composition contained in a 
tray. From 5 to 50 copies can be obtain- 
ed in the same manner as on a gelatin 
duplicator. | 


Multigraph. — A multigraphing device 
requires setting of type. It is used for 
producing circulars, imitation typewrit- 
ten letters, statements, or other matter. 


Addressing machine. — For rapid ad- 
dressing of envelopes, printing names on 
time slips, time rolls, etc., various types 
of addressing machines are found. 7 


Graphotype machines. — Metal plates 
for use in addressing machines are cut 
by graphotype machines, although stencil 
plates may be utilized on some types of : 
addressing machines. 


Mail opener. — This is a mechanical 
device used for opening incoming mail, 
by slitting the envelopes. 


Numbering machines. — These machi- 
nes are used for numbering consecutive- 
ly. There is also a combination dating 
and numbering machine, which dates 
and numbers consecutively in one opera- 
tion. 

Clock time daters. — For stamping 
date and time received on correspond-- 
ence, statements, or other matter, vari- 
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ous models of clock daters are in com- 
mon use. 


Radial distributor. — This is a fan- 
shaped device with receptacles into which 
papers are dropped when assorting either 
in alphabetical or numerical order. 


Signograph. — A signograph permits 
signing a number of checks, vouchers, 
or drafts at one operation. 


Check protectors. — Various models of 
check protectors are to be found which 
insert amounts on negotiable paper in 
such a manner as to prevent manipula- 
tion. 


Air tubes.— Telegrams are transmitted 
by means of carriers through tubes to 
and from telegraph office. Special let- 
ters (relayed through telegraph office) to 
other offices in the same building are 
also sent in that way. 


Automatic electric elevator. — For 
transmitting mail and other articles to 
various offices, there is an automatic 
electric elevator which is operated by 
pressing a button. The car is controlled 
from, and may be stopped at, any floor. 


Electric mail elevator. — In some gen- 
eral office buildings an electric mail ele- 
vator is operated between the central mail 
room and all floors in the building. It 
is used for delivering large quantities of 
mail to and from the mail room from 
where the car is controlled. 

Mail chute. — In other buildings there 
is a mail chute leading to a central mail 
room. There is a letter-drop on each 
floor and small quantities of outgoing 


mail are sent to mail room through 


chute. 


Mailing devices. — Various mechanical 
devices are used for mailing, such as, ma- 
chines for affixing postage stamps, scales 


for weighing mail, electric sealing wax 
pot or devices, ete. 


Mail carriers. — Mail to be transmitted 
between accounting office and other de- 
partments is placed flat in a carrier with- 
out being enclosed in envelopes. The 
carrier is made of heavy cardboard co- 
vering with canvas and has a double flap, 
on one of which is printed the accounting 
office address and on the other the ad- 
dress of the appropriate department. 


Package sealer. — Sealers are used for 
wrapping packages of tickets, baggage 
checks, meal checks, ete., instead of using 
cord or rubber bands. 


Paper fasteners. — One type of ma- 
chine makes staples from length of wire 
wound on cylinder inside of machine. 
There are various machine, as well as 
manual, methods for this general pur- 
pose. 


Rubber stamps. — Rubber stamps are 
very generally used to save the time inci- 
dent to writing. Around the edge of 
stamp may be shown in very small type 
the initials of the various desk heads to 
whom mail is generally distributed, or 
desk numbers may be substituted for ini- 
tials. 


Time clock recorders. — The time of 
arrival and departure of clerks employed 
in offices is recorded on cards. They 
are also used for obtaining a record of 
the time work was started and completed 
in connection with the output of non- 
listing machines and determining the 
efficiency of individual operators. 


Paper punch.— For perforating papers 
that are to be filed, various types of 
paper punches are in common use. 


Binders. — Waybills, payrolls, vouch- 
ers, and similar papers, are bound in 
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binders with heavy hinged cardboard 
binding sides. Holes for binding pur- 
poses are cut in records by drills, either 
hand or motor-driven. 


Dictograph interconversing system. — 
This installation consists af a master sta- 
tion in the chief accounting officer’s 
office to the several branches of the ac- 
counting department. It permits con- 
versation individually or collectively. 


Cancelling machines. — There are mo- 
tor-driven machines for cancelling, by 
small perforations, paid pay checks, 
drafts, vouchers, voucher attachments, 
etc. The dies can be set to show the date 
of payment. They are used also for per- 
forating tickets, excess baggage scrip and 
book covers, baggage checks, meal tickets, 
etc., received from agents, conductors, 
and other carriers, thus making impos- 
sible their misuse. There are some hand- 
operated cancelling machines which cut 
a round or square hole. 


Cylindrical slide rule. — This device 
consists of a cylindrical slide having both 
rotary and longitudinal movement within 
an open framework of equidistant bars. 
The slide contains two logarithmic scales, 
one on each side of center. On the bars 
are two other scales arranged in the same 
manner as on the slide. It is used for 
computing and proving averages in sta- 
tistics, as well as for computing and ve- 
rifying percentages, prorating revenues 
and expenses by states or divisions, and 
apportioning charges for locomotive. re- 
pairs to classes of service. It does the 


same class of work as multiplying and 
dividing machines with greater speed, 
but the results are not so accurate beyond 
four figures. 


SUMMARY. 


1. The use of tabulating machines for 
simplifying railway statistical and ac- 
countancy work dates back to about 1896. 


2. So-ealled punched hole accounting 
represents the greatest advance thus far 
achieved in this field, particularly for 
the reason that it comprises the frnda- 
mental operations incident to railway ac- 
countaney and statistical work. 


3. The applications of the punched 
hole method to railway statistical and ac- 
countancy work are very numerous and 
diversified. 


4. The simplification of railway statis- 
tical and accountancy work is only a re- 
lative term and therefore not susceptible 
of dogmatic conclusions. 


5. Mechanical devices and appliances 
of almost every character are used in 
railway work for simplifying accounting 
and statistics, but with the continual in- 
vention of new devices it is evident that 
further advance will still be made in this 
respect also. The price of progress is 
change. 


6. The reasons actuating the installa- 
tion of mechanical devices differ and 
therefore do not lend themselves to a 
generalization. 
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APPENDIX 4. 


Timekeeping, payrolls, and labor distribution. 


Under the plan of keeping time, pre- 
paring payrolls, and distributing labor 
charges by use of machines, as followed 
by The Delaware & Hudson Company, the 
following kinds of equipment are re- 
quired : 

Plate cutter, 

Addressographing machine, 

Electric key punch, 

Verification key punch, 

Electric duplicating punch, 

Electric tabulating and printing ma- 
chine, ‘ 

Electric tabulating machine, 

Electric sorting machine, 

Calculating machine, 

Portable card rack, 

Filing equipment. 


Upon entering the service, each em- 
ploye is assigned a working number and 
throughout the machine accounting iden- 
tification is by number rather than by 
name. Assignment of working numbers 
is so arranged that each operating divis- 
ion has a series of numbers not conflict- 
ing with those of other divisions, so that 
with information at hand as to an em- 
ploye’s working number and department, 
the division on which he is employed can 
readily be determined. 

In the Mechanical Department and in 
station and yard service of the Trans- 
portation Department, this plan is fur- 
ther extended to locations. In the Main- 
tenance of Way Department, where the 
force turnover is heavy at times, to in- 
dicate gang or location by a series of 
working numbers would occasion the as- 


signment of so many numbers at each 


point as to make the arrangement imprac- 
ticable. In the case of train service em- 
ployes, the force is more or less mobile 
and to maintain an assigment by locations 
would require frequent changing of num- 
bers for individuals, which is considered 
an objectionable feature. 

A rule applying to all departments is 
that but one working number shall be 
assigned an employe during a pay period, 
which working number shall not be used 
by more than one employe during a ¢a- 
lendar month. While it is desired, so 
far as possible, to have an employe retain 
the same working number indefinitely, 
changes have to be made when he is per- 
manently transferred from one division 
or department to another, or when his 
point. of employment. is permanently 
changed. 

In general, each department has forms 
of time return especially adapted to the 
requirement of that particular branch of 
the organization, but in some instances 
the same form is used by two or more 
departments. 

In train service, the conductor returns 
the time for the train crew (conductor 
and trainmen), and the engineer returns 
the time for the engine crew (engineer 
and fireman or firemen), on forms with 
appropriate headings for the detail that 
is needed to determine wages due and 
statistical data required for the use of 
the management and for governmental 
purposes. The return made by the en- 
gineer also supplies information for 
train and locomotive mileage statistics. 
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Train service time and mileage returns 
are prepared for trips or calendar days, 
according to the character of the service 
performed, and are passed through chan- 
nels to the office of the Division Super- 
intendent for checking as to correctness. 
After being coded for machine account- 
ing purposes, they are sent to the Audi- 
tor of Disbursements, who has charge of 
machine accounting work. 

Time returns of the Maintenance of 
Way Department, except for supervisory 
and office forces, are made on a daily 
basis. The forms are~designed for re- 
porting time and description of work by 
gangs. Spaces are provided for enter- 
ing after the name of each employe, the 
time on and off duty and the total time 
worked separately for regular time and 
for overtime. The time of station and 
yard service employes of the Transpor- 
tation Department and of supervisory 
and office forces of all other depart- 
ments is reported on a semi-monthly time 
return. 

Another form of time return is used 
for dayworkers and pieceworkers employ- 
ed in the Mechanical and Stores Depart- 
ments. This form requires each em- 
ploye to report his own time daily. The 
time claimediis ckecked with the timeclock 
record appearing on the card or with the 
record of time on and off duty inserted 
by the foreman at’ points where time 
clocks or recorders are not supplied. On 
this form, the workman describes his 
employment and shows for each assign- 
ment the time consumed, divided be- 
tween regular time and overtime. The 
pieceworker merely inscribes « piece- 
work » on his card instead of giving a 
description of the work, as there are 
auxiliary forms for reporting the time 
and the production of pieceworkers. The 
record of time worked as reflected by the 


daily time card is completely accounted 
for on a piecework slip which is prepar- 
ed by the piecework inspector. 

In the Car Department, payment for 
production is made only upon comple- 
tion of work on a unit of equipment 
upon which the employe or gang has 
been engaged, hence the necessity for a 
provision to accumulate unfinished time 
until the work has been completed. At 
the close of a pay period, unfinished 
time accumulated during the period is 
paid for at daywork rates and the pay- 
ment thus made is deducted from the 
final allowance at production rates when 
the job is finally completed. At comple- 
tion, a detail of finished time is prepar- 
ed by the inspector on a form provided 
for the purpose. This detail shows the 
unit of equipment (car number) on 
which the work was done, the operations 
performed (number of pieces) described 
by schedule numbers, and titles and au- 
thorized price for each. 

In other departments, the work is re- 
ported currently as performed; and, in 
case an operation has not been completed 
in a day, allowance is made for the com- 
pleted fractional part. No provision is 
made on time return forms, except in the 
Car Department, for the carrying of un- 
finished time; otherwise, the several 
forms of piecework time return are es- 
sentially the same. They may carry the 
time of an individual or a number of 
individuals when working as a gang. In 
the latter case, earnings are divided be- 
tween the workmen on a percentage basis 
agreed upon by members of the gang. 

All forms of time return are designed 
to reflect complete information relating 
to payment of each employe and all other 
data required for the various analyses of 
labor items for accounting and statistical 
purpose. They contain spaces for enter- 
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ing codes used in machine accounting 
and also symbols for reporting absence 
of an employe from work due to illness, 
leave, suspension, or other causes. 

All time returns (except those for gen- 
eral office and train service employes 
and auxiliary forms for piecework) are 
initially prepared in the office of the Au- 
ditor of Disbursements on an addresso- 
graphing machine. Maintenance of Way 
Department daily time returns show di- 
vision, department, gang, and location, 
followed by the personnel of the gang, 
there being shown for each employe, 
name, working number, title, rate of pay, 
and occupational classification. Returns 
thus prepared are sent to the various 
foremen for posting of time and descrip- 
tion of work, about a ten days’ supply 
being sent at a time. Changes in force 
occuring between the time of the initial 
preparation of the return and the time 
of its use are recorded by the foreman. 

Daily time returns for the Mechanical 
and Stores Departments are similarly 
prepared, each card showing name of em- 
ploye, working number, title, rate of pay, 
occupational classification, location, and 
date. 

Semi-monthly time returns for all de- 
partments are prepared in advance and 
contain reference to division, depart- 
ment, gang, and location, followed by 
personnel, there being shown for each 
employe, name, working number, title, 
rate of pay, and occupational classifica- 
tion. 

In the beginning, two addressograph- 
ing machine plates were cut from master 
lists for each employe, one for use on 
time returns, and the other, showing 
only the name of the employe and his 
working number, for use on payrolls. 
These plates were then filed separately 
by location and gang. They have since 


been kept up-to-date by use of special 
forms submitted through channels for all 
authorized changes in positions, rates, 
and personnel. 

Complete time returns (except for gen- 
eral office and train service), when prop- 
erly approved by the officer in charge, 
are sent to the Division Accountant for 
checking and coding. He determines 
that no Wnauthorized changes have been 
made in force or rates, verifies the time 
claimed, and sees that sufficient descrip- 
tion of the. work is given for all account- 
ing purposes. 

Coding is accomplished exclusively by 
means of figures, a number inserted in 
a specific column serving as a symbol 
for a descriptive word -or title. Code 
numbers are assigned to operating divis- 
ions or departments, locations, titles of 
accounts, and so forth, for example : Di- 
vision 4, Department 25, Account, 508, 
Operation 2, Property 507, when decoded 
means Saratoga Division, Motive Power 
Department, Locomotive repairs, Classi- 
fied repairs, and Locomotive No. 507. 

An operator engaged in coding will, 
from constant practice, memorize many 
of these codes; otherwise, he must refer 
to the code book which is on file in every 
accounting office where needed. 

Much of the coding of time returns is 
done en masse by use of follower forms 
or proof sheets which accompany the re- 
turns for a shop, enginehouse, station, or 
other. unit of operation. Obviously, it 
would be unnecessary to code the divis- 
ion, department, and location on each 
individual slip, as that canbe determined 
from the follower sheet, provided the re- 
turns of an individual unit are kept in- 
tact. Likewise, much of the information 
subsequently used, such as, working 
number, rate, and occupational classifi- 
cation, is placed on the time return when 
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initially prepared by the addressograph- 
ing machine. 

Coding by the Division Accountant con- 
sists, principally, of indicating the ac- 
count. If the account requires further 
analysis as to the kind of work perform- 
ed, the operation is also coded, for ex- 
ample : Work on automatic train control 
equipment attached to a locomotive, while 
chargeable to « Locomotive repairs », 
must be reported as a separate item, due 
to governmental requirements. To pro- 
vide for this, Code 5 is assigned, which 
when used in conjunction with « Loco- 
motive repairs » means « Repairs to auto- 
matic train control ». 


Operation codes are extensively used 
for appropriation work to distinguish 
between capital account and operating 
expense charges. 


Property codes are used for various 
purposes. When used in connection 
with equipment, generally the unit num- 
ber (car or locomotive number) is also 
the property number. When used in 
connection with fixed property, code 
numbers are assigned to denote location, 
v. €., Station, bridge, or building, as may 
be necessary. For appropriation work, 
the appropriation number is used as the 
property code. 


In the handling of time returns, the 
Division Accountant codes for such dis- 
tribution as he requires for the proper 
handling of his accounts, knowing that 
the machines will return to him only 
such distributions as he has coded. The 
coded time returns are sent to the Au- 
ditor of Disbursements with a follower 


sheet attached to each set and accompani-’ 


ed by a transmittal list indicating the 
kind and number of returns forwarded 
and those still outstanding for the day 


or period. 


Upon receipt of the time returns of 


PROOF SHEET 
WAGE AND DISTRIBUTION CARDS 


FIRST — SECOND PERIOD. 


GANG OR 


DIVISION ~_ SUB-DIVISION 


— DEPARTMENT 


INITIALS [ DATE | 


ITEM 


Time Returns Checked and Coded 


Time Returns Reviewed 


Comptometer Footings 
Wage Cards Punched 
Distribution Cards Punched 
Distribution Cards Verified 
Tabulator Footings 

Cards Gang Punched” 


TABULATOR TOTALS 
COMPTOMETER 
TOTALS 


WAGE 
CARDS 


DISTRIBUTION 
CARDS 


XXXXXXKX 


Working Numbers ROKK 


XXXXXKX 
Clock Hours - 


Number of Men XXXXKXX 


XXXAXKX 
Amount of Piece Work 


XOOOOKX 


Hours Day Work 


XXXXXAX 


|_Hours Piece Work 


tig. 8. — Proof sheet. 


the Mechanical and Stores Departments 
in the Auditor of Disbursements’ office, 
a check is made against the transmittal 
list to determine actual receipt of those 
which have been reported as forwarded. 
The follower sheets accompanying the re- 
turns are used as a source of informa- 
tion for punching references which are 
common to all cards in the set, such as, 
division, department, gang, and date. 
They also serve later as proof sheets to 
verify the correctness of key punching. 

The returns are first handled in the 
Auditor of Disbursements’ office by a 
general clerk who makes an examination 
to detect errors and to insure against 
omissions in the coding. Each set, with 
proof sheet securely attached, is then 
sent to a computing machine operator, 
where additions are made separately of 
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rates, working numbers, and hours. The 
totals of each are entered on the proof 
sheet for further reference. Returns are 
then routed to a key punch operator, 
where the various kinds of information 
required for determination of wages and 
their distribution to accounts are tran- 
scribed to cards designed for accounting 
by the punched hole method. 

Three card forms are used for record- 
ing wages and distributions of wages in 
these departments. One of these is the 
card form previously described as serv- 
ing the dual purpose of an employe’s 
daily time card and a wage punch card, 
information relating to wages being key 
punched on the identical card used by 
the employe in reporting his time. The 
second form is a payroll card designed 
for condensation of wages and statistical 
information relating thereto for the en- 
tire period. This card is punched either 
from a semi-monthly time return or from 
a preliminary payroll, which will be de- 
scribed hereafter. The third form is 
used exclusively for wage distribution 
purposes. 

Wage cards are key punched to indi- 
cate gang, working number, class of em- 
ploye, hours worked, and kind of time 
(daywork or piecework divided between 
regular, overtime, constructive time, etc.). 
For dayworkers, the rate per hour and 


the number of hours of daywork are > 


punched. For pieceworkers, piecework 
hours and wages earned on production 
basis for finished work only are punch- 
ed. Unfinished time is accumulated 
until the work is completed. 


Distribution cards are key punched to: 


indicate gang, working number, division 
chargeable, operation, property, classifi- 
cation of employe, rate of pay for day- 
work time, account chargeable and whe- 
ther applicable to freight, passenger, or 


common, piecework hours and money 
amount (finished time only), and kind 
of time, Distribution cards are rework- 
ed in a key punch verification machine 
to verify the original punching. 

Wage and distribution cards, with 

proof sheet attached, then go to a tabu- 
lating machine where totals are extracted 
from the wage cards for rates, working 
numbers, hours worked, amount of piece- 
work, daywork hours, and piecework 
hours. These totals are posted to the 
proof sheet and are balanced so far as 
they relate to computing machine totals 
which were previously mentioned as hav- 
ing been inserted on this record. The 
distribution cards are then run through 
the tabulating machine and the amount 
of piecework and total hours worked are 
posted to the proof sheet. These items 
are balanced with similar items produced 
by the tabulating machine from the wage 
cards. With these balances obtained, 
the key punching is presumed to be cor- 
rect. 
- Wage and distribution cards are then 
sent to an electric duplicating punch 
where date of work, operating division, 
and department references are punched, 
this information being extracted from 
the proof sheet. Except as to money fig- 
ures for daywork, wage and distribution 
cards have now been completely punch- 
ed. As the cards punched for piecework 
are now complete, they are set aside. 
The other cards, which have been punch- ~ 
ed for daywork but still lack money fig- 
ures, are held for accumulation in con- 
venient quantities. 

A file is maintained of master cards, 
peculiar in design to be distinguished 
from wage and distribution cards, and 
on which are punched hours and frac- 
tional parts in tenths from one-tenth to 
ten hours for each existing hourly rate 
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Fig. 9. — Payroll and labor distribution cards. 


and the money extension. When an ac- 
cumulation of wage and distribution 
cards is complete, the three forms, wage, 
distribution, and master cards, are sorted 
as to hours and rate for the purpose of 
matching all cards of like time and like 
rates. When this has been accomplish- 
ed, the cards are taken to the electric 
duplicating punch, where, by means of 
a master card for each set, each wage and 
distribution card, as it passes through 
the duplicating machine, is punched to 
record the appropriate amount of money 
for the rate times the hours. Wage and 
distribution cards, including those for 
piecework which were set aside, are then 
sorted in order of division and depart- 


ment. Further sorting is made in order 
of gangs; and, as the gang reference ap- 
pears in different fields on the two cards, 
this sorting automatically separates the 
wage and distribution cards into two 
groups. 

The cards are then separately run 
through the tabulating machine for the 
purpose of balancing hours and money 
on the two kinds of cards. These fig- 
ures are posted to a control sheet design- 
ed for the purpose, the cards being filed 
in the order named until the close of the 
payroll period. Upon receipt, the semi- 
monthly time returns of employes who 
are paid at monthly rates are examined 
as to correctness and coding and are 
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passed to a key punch operator who 
punches a payroll card for the wages of 
each employe during the entire period, this 
card carrying space for all of the infor- 
mation necessary for the preparation of 
payrolls and wage statistics . Distribu- 
tion cards are punched from semi-month- 
ly time returns in exactly the same man- 
ner as from the daily return previously 
described. 

At the close of a pay period, wage cards 
are removed from files in division, de- 
partment, and gang order and are fur- 
ther sorted by working numbers and in 


order of time and rate. Following this 
sorting, a preliminary payroll is prepar- 
ed on blank paper by use of a tabulating 
and printing machine. This tabulation, 
when printed, shows for each working 
number, the gang reference, employe’s 
classification, and by kinds of time, rate 
of pay, daywork hours, number of men 
(count as of a specific day of each 
month), total hours worked, piecework 
hours, money amount for each kind of 
time, and total. Subsequent to this ta- 
bulation, preliminary payrolls are adjust- 
ed to include amounts to be allowed 
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pieceworkers on guarantee and such 
other adjustments as many be in order. 

Payroll cards are then key punched 
from the preliminary payroll to reflect 
in condensed form the information that 
is necessary for preparation of payrolls 
and other statistics. Total hours and 
money from the preliminary payroll are 
posted to a control sheet and these fig- 
ures must balance with those previously 
posted at the time wage and distribution 
cards were balanced. At this point, all 


— Payroll. 


payroll cards for employes whose time 
is returned daily are merged with those 
of employes whose time is carried on a 
semi-monthly form of return. These 
cards are further consolidated with those 


which have been punched for deductions 


for board, insurance, uniforms, etc. 

The standard form of payroll reflects 
the name of the employe, working num- 
ber, amount earned, deductions, and total 
amount to be paid. Space is provided 
for showing the working number for 
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each employe in two separate columns, the 
reason for which is later explained. The 
payroll is initially prepared on an ad- 
dressograph machine which prints for 
each gang, the name and working num- 
ber of each employe, generally arranged 
numerically in order of the working 
numbers. The remainder of the infor- 
mation on the payroll is inserted by a 
tabulating and printing machine which 
prints the working numbers opposite 
those which were inserted by the addres- 
sograph machine, and for each working 
number, the amount of money earned, 
deductions, if any, and amount to be 
paid. 

The working number of each employe 
is repeated on the payroll for the purpose 
of guarding against crediting to the ac- 
count of an employe the wages earned 
by another, through erroneous location 
of names. After the preparation of each 
payroll sheet, a sight check is made to 
see that the working numbers on each 
line agree. 

A recapitulation of payrolls is made 
by hand and the totals of amounts earn- 
ed and deductions are balanced with the 
control sheet. The payrolls are then 
ready for payment. 

The timekeeping and payroll procedure 
in the office of the Auditor of Disburse- 
ments for Mechanical and Stores Depart- 
ments, as previously explained, can also 
be applied to the Maintenance of Way 
and Structures Department and to sta- 
tion and yard service of the Transporta- 
tion Department. There are special pro- 
visions for the handling of piecework in 
the Mechanical and Stores Departments 
which do not apply to the other depart- 
ments, otherwise there is no difference 
in the development of payroll data for 
all departments. 

Except for train service, the methods 


employed to obtain labor distribution are 
the same for all departments. Distribu- 
tions are made of hours and money by 
accounts and subaccounts with a separa- 
tion of all operating expense accounts as 
between freight, passenger, and common. 
Punched distribution card are filed by 
divisions and departments and in some 
instances by subdivisions or locations ac- 
cording to the requirement. They are 
then sorted by division chargeable, sub- 
account, freight, passenger, or common, 
and account. In this order, the cards are 
run through a tabulating and printing 
machine, the result being printed on a 
distribution sheet. 

On the standard distribution sheet 
there are columns for account codes, sub- 
account, freight, passenger, or common, 
subdivision or gang, hours, and amounts. 
Accounts requiring further analysis than 
provided for on the standard distribution 
sheet are also reported on other forms in 
detail, according to the requirement. 

By the use of codes, it is possible to ana- 
lyze an account by showing the classifi- 
cation of each employe engaged, which is 
equivalent to the showing of his title, 


Accounts can be broken down by rates 


of pay, kind of time, whether daywork or 
piecework, regular or overtime, ete. Work 
performed may be described by operation 
codes which, perhaps, are used more ex- 
tensively in analyzing distribution to ac- 
counts which require considerable detail. 
Through the use of property codes, it is 
possible to determine on what particular 
unit the work is performed, whether a 
unit of equipment, such as a locomotive or 
car, or fixed property, such as a building, 
bridge, or a location along the track. 
Operation and property codes are per- 
manently set aside for known items, but 
when there is a need for coding an ope- 
ration or property not contemplated, tem- 
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Fig. 44. — Labor distribution. 


porary codes may be assigned by the Di- 
vision Accountant; or, if a permanent 
code is desired, it can be obtained with- 
out delay. 


The handling of timekeeping and labor 


distribution for train service employes by 
machines differs materially from other 
labor accounting. -The time returns pre- 
pared by conductors and engineers go to 
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yardmasters, enginehouse foremen, or 
others, and thence to the Division Super- 
intendent, where a check is made by time- 
keepers who apply rates and also coding 
for distribution. These time returns are 
also audited in the office of the Auditor 
of Disbursements. Extension of rate by 
mileage allowance is made by computing 
machine. 
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Fig. 12. — Transportation payroll card. 


The payroll cards are then key punched 
to show date, class of employe, working 
number, account code, rate of pay, divis- 
ion chargeable, mileage allowances separ- 
ated between actual, constructive, and 


overtime, total miles, money, number of 
trips, and classes of special service. Fol- 
lowing this operation, the cards are run 
through a tabulating machine for the 
purpose of developing miles and money 
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Fig. 13. — Proof sheet. 


534 
XIV—28 


for posting to a proof sheet. The total 
of actual, constructive, and overtime miles 
must agree with the total miles as a proof 
of the key punching. The cards with the 
time slips are then returned to a comput- 
ing machine operator for addition of 
money, which must agree with total as re- 
flected by the tabulator. A sorting ‘is 
then made by rates and the cards are run 
through a tabulating and printing ma- 
chine which prints the miles and money 
for each rate on the proof sheet. The 
proof sheet is then passed to a comput- 
ing machine operator where extension is 
made of the total miles at each rate, which 
has the effect of providing a proof of the 
original computing machine extensions on 
the time returns. 

Several times during each pay period, 
depending upon the number of time slips 
received, a sorting of the punch cards is 
made by divisional assignment. Cards so 
sorted are run through a tabulating ma- 
chine and the miles and money developed 
are posted to a control sheet, which is 
balanced against the payrolls. At the 
close of the pay period, the punched pay- 
roll cards and cards which have been 
punched for deduction purposes (meal 
books, insurance, and other deductions) 
are sorted together by employe working 
numbers and are then ready for printing 
on the payroll form. At the proper time, 
payrolls are initially prepared by addres- 
sograph machine by insertion of names 
and working numbers. The sorted pay- 


roll and deduction cards are matched 
with the numbers appearing on the pay- 
roll to insure that the cards are in the 
same order as the corresponding numbers 
shown on the payroll. The payroll is 
then printed by a tabulating and printing 
machine, there being shown working 
number, deductions, and amount due for 
each employe, and total deductions and 
amount due for each sheet. These 
amounts are balanced with similar items 
already posted to a control sheet. As on 
payrolls for other departments, in this 
case also a sight check is made of the 
working numbers appearing in the two 
columns to avoid the possibility of credit- 
ing the wages of one employe to the ac- 
count of another. A recapitulation of 
payrolls is made by hand and then the 
payrolls are ready for payment. 

After completion of payrolls, the cards 
are sorted by division chargeable, em- 
ploye classification, and account code for 
distribution of time and money. Tabu- 
lation is made separately for each divis- 
ion chargeable by class of employe, show- 
ing the account code, actual miles, over- 
time miles, total miles, hours, and amount 
for each account code, and the total fig- 
ures are balanced with the control sheet. 
Various accounts, which require further 
distribution, are supported by detail 
sheets which are prepared by hand cur- 
rently during the month from the ori- 
ginal time returns. 


APPENDIX B. 


Compilation of freight commodity statistics. 


The larger steam railway companies 
operating in the United States are requir- 
ed to render to the Government quarterly 


reports of freight commodity statistics 
showing the number of carloads and the 
number of net tons transported, and the 
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reporting carrier’s gross revenue derived 
from revenue freight. 

The report shows the number of car- 
loads and net tons (2.000 lb.) under four 
classes : Revenue freight originating on 
respondent’s road, terminating on line 
(local), and delivered to connecting car- 
riers (interline forwarded); and revenue 
freight received from connecting carri- 
ers, terminating on line (interline receiv- 
ed), and delivered to connecting carriers 
(interline intermediate); and in total; 
also the total freight revenue, subdivided 
into 156 commodity groups for carload 
traffic, and the number of tons and the 
amount of revenue for less than carload 
traffic. 


Since accounts are kept on a monthly 
basis, the data for use in preparation of 
these quarterly reports are accumulated 
monthly by the use of punched cards. 

The basic records from which freight 
commodity statistics are prepared are the 
waybills or the abstracts of waybills re- 
ceived at destinations on the reporting 
line and the abstracts of other carriers 
for traffic received by them from sta- 
tions on or via the reporting carrier. 


The first operation in accumulating 
data for freight commodity statistics is to 
transcribe the information from the way- 
bills or the abstracts to cards by means 
of holes punched in the cards, code num- 
bers indicating the stations, carriers, 
commodities, and class of traffic. 

The weight and revenue punched in 
the card are verified by running- the 
cards through the tabulating machine and 
- obtaining totals for the weight and reve- 
nue. These totals are balanced with the 
totals shown on the abstracts, if for local 
traffic, and with the recapitulated totals 
of all of the abstracts, if interline. 
~ When the punching of cards has been 
completed for the period covered by the 


report, the cards are sorted by use of the 
sorting machines into classes of traffic 
and commodities. 

The cards for each class of traffic are 
then run through the tabulating machine 
separately and the number of cars and 
the weight and revenue obtained for each 
commodity under each class of traffic. 

As the cards punched for revenue 
freight include some items of company 
material waybilled as revenue freight but 
entitled to free movement over the report- 
ing earrier’s line, deductions from the re- 
venue freight totals are made for such 
items from tabulations made from cards 
punched from reports of company ma- 
terial freight bills. 

In connection with freight traffic sta- 
tistics rendered to the Government, it is 
necessary to report .the number of ton- 
miles of non-revenue freight as well as . 
those for revenue freight. The method 
by which the ton-miles are obtained is 
known as the digit method. This meth- 
od saves an exceedingly large number of 
multiplications as compared with the old 
method of multiplying the weight by the 
mileage for each item. By the digit 
method, the multiplications are reduced 
to only nine operations by means of 
grouping the items of the same quantity. 

The process is begun by punching 
cards for the individual waybills or 
groups of waybills as required, and the 
number of miles each shipment moved 
over the line punched in the original 
card, or these cards may be sorted and 
grouped into the order of the forwarding 
and receiving stations, or further sorted 
into commodity order if desired, and 
tabulations made by printing tabulating 
machine to obtain the total weight for all 
the traffic moving between each forward- 
ing and each destination station. 

The number, of miles between each of 
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the stations listed is entered by hand on 
the printed record and additional cards 
are punched showing weight, miles, and 
such other additional information as will 
designate the class of traffic and make 
possible the location of the item if neces- 
sary. 

The accuracy of the weight punched in 
the original cards and in those punched 
from the totals obtained from the tabu- 
lated totals may be verified by tabulating 
each set of cards. 


The process of obtaining the ton-miles 
is begun by sorting all the cards in which 
the mileage has been punched as to digits 
in the unit position of the mileage fig- 
ure. That is, all cards containing a 
cipher in the unit position of the mileage 
figure will be brought together and all 
those containing the digit « 1 » in the 
unit position will be brought together, 
and so on, up to and including the ninth 
digit. 

The cards for digit «1» are then run 
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Fig. 14. — Digit sheet. 


through the tabulating machine and a 
total of the weight obtained and entered 
on the digit sheet opposite digit « 4 », 
« 1 Sort ». The digit « 2 » cards are 
treated in a like manner, and the process 
continued until all of the nine digits for 
the first sorting have been tabulated. 

All of the cards are then sorted again, 
this time for the digits in the « tens » 
position and again the cards for each 
digit, one to nine, are tabulated and the 


total weight for each obtained and enter- 
ed on the digit sheet opposite the item 
marked « 2 Sort » for the appropriate 
digit. 

For the third time the cards are sorted, 
this sorting being for the digits in the 
« hundreds » position, and the total 
weight for each digit is obtained by tabu- 
lations and the totals entered on the digit 
sheet opposite the appropriate digits on 
the line marked « 3 Sort». Further sort- 
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ings are made in like manner as required. 
Each section is then totaled and the 
amount posted opposite « Total ». 

The totals for each of the nine digits 
are multiplied by the amount of the digit 
and the product posted under « Hundred 
Weight One Mile » opposite the total of 
the section for each digit. The results 
of these nine multiplications are totaled 


and the sum entered opposite « Grand 
Total ». This total when divided by 
200 gives the net ton-miles. It is neces- 
sary to divide by 200 for the reason that 
the cards are punched to show the weight 
in hundredweight and tenths thereof. 
A similar process may be followed in ar- 
riving at the ton-miles for any class of 
traffic and for any commodity. 


APPENDIX C. 


Machine station accounting plan. 


A committee of the Railway Accounting 
Officers Association made a study of va- 
rious plans of station accounting, such 
as, the zone plan of centralizing station 
accounts in one bureau, the machine 
plan, and other station accounting meth- 
ods. The complete detailed procedure to 
be followed under the machine plan may 
be found on pages 139 to 145 of Railway 
Accounting Procedure, 1928 Edition, 
edited by E. R. Woodson, and published 
by the Railway Accounting Officers Asso- 
ciation, Washington, D. €. In brief, the 
salient features of this plan are the fol- 
lowing : 

A separate card is punched for each 
accounting item for each consignment 
for accounting purposes. The following 
machines and equipment are necessary in 
addition to the usual equipment : 

Key punches; 

Seyen unit printing tabulators; — 

Card sorters; 
~ Filing cabinets for cards; 

Nonlisting machines. 


The different accounts may be desig- 
nated by code numbers; and, where de- 
sirable, further separation may be made 
and a separate code number used for each 


account, separating city from connecting 
line and issuing roads. 

Cards are punched for each debit and 
credit item, which, after being balanced, 
are filed. When waybills are received, 
they are revised as to weight, rate exten- 
sion, etc., and freight bills issued. Sepa- 
rate daily reports are made for local 
and interline waybills. 

The weight, freight, advances, and pre- 
paid columns of the report are totaled 
and the waybills coded. The waybills 
are then passed to key punch operators 
to punch card for the total net debit or 
net credit for each consignment. The 
following information is punched in the 
card : 

Month, day, year which represents 

date of reports; 

Account number; 

Waybill number; 

Month, day, year of waybill; 

Station; 

Waybilling road, if interline; 

Pro number; 

Debit (net) or 

Credit (net). 


Cards are then passed to the tabulating 
machine operator and detailed tabulated 
statement prepared. The grand total of 
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amount of net debit is balanced with the 
freight, plus the advances less the pre- 
paid charges as shown on the reports. 
Cards are filed in filing cabinets by code 
numbers and labeled « Not cleared ». 

Shipping tickets and connecting line 
transfers received are rated, extended, 
and waybills prepared. The waybills are 
then abstracted, separate reports being 
made for local and interline waybills, and 
the reports are footed as to weight, 
freight, advances, and prepaid. Waybills 
carrying advances or prepaid are coded to 
show the following information : 


Amount of debit for prepaid; 

Amount of credit for advances; 

Code number for station to, if local; 

Code number for going off junction, 
if interline; 

Code number for waybill destination 
road, if interline; 

Account number. 


Waybills are passed to key punch ope- 
rator, who punches card for all shipments 
carrying advances or prepaid. The fol- 
lowing information is punched in the 
card : 


Month, day, year per report to audi- 
tor; 

Account number; 

Waybill number; 

Station to, if local; 

Going off junction, if interline; 

Waybill destination road number, if 
interline; 

Connecting line pro number on re- 
billed traffic; 

Debit or prepaid; 

Credit or advance; 

Clearances. 


The cards are then passed to the tabu- 
lating machine operator, who prepares a 
tabulated statement from the cards. The 
total debit and total credit shown on the 
tabulated statement are balanced with the 


total prepaid, and total advances shown 
on the report. : 

After the reports have been balanced, 
they are forwarded to the freight ac- 
counting officer. The cards on forward- 
ed traffic are filed by accounts in filing 
cabinets and properly labeled as to « Ac- 
count number » followed by the words 
« Not cleared ». 

Bills covering switching, weighing, de- 
murrage, storage, or other miscellaneous 
charges, are prepared on an accrual ba- 
sis, except demurrage assessed under 
average agreement plan, which is covered 
by bill at the end of the month. These 
bills are coded and cards punched. Cards 
are tabulated in detail and the amounts 
as shown on the various bills checked 
against the tabulated statements to insure 
accuracy of the cards. 


The total debits or credits as establish- 
ed for the day are posted in the cash book 
cpposite the proper date under proper 
account. The posting is done from the 
tabulated statement prepared by the 
printing tabulator. 


All accounts not designated by waybill 
or freight bill numbers, such as relief 
claims or miscellaneous bills, show the 
identifying number on the card in space 
provided for waybill number. 


As collections of inbound charges are 
made on city business, the date of the 
freight bill, freight bill number, and 
amount of collections are recorded on 
collection statement under caption « In- 
bound ». When settlement is received 
from connecting line, reference to the 
connecting line and to draft number and 
the amount is recorded on collection sta- 
tement. Collections covering outbound 
prepaid charges are likewise entered on - 
collection statement showing date of way- 
bill, waybill number, and the amount 
under caption « Outbound ». If the pre- 
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paid outbound charges are collected be- 
fore waybill has been issued, the cashier 
assigns a number to the shipping ticket 
from a series assigned for that purpose. 
Collections covering demurrage, storage, 
switching, etc., are entered on collection 
statement showing identifying informa- 
tion and the amounts under the proper 
captions. 

All disbursements of cash made by the 
cashier are entered on disbursement sta- 
tement showing identifying information 
and amounts under proper captions. 

Totals for the various accounts shown 
on the collection or disbursement state- 
ments are carried to the cash summary 
statements and entered opposite proper 
items. The amount of cash on hand as 
shown on the cash statement is balanc- 
ed with the actual cash on hand. 

The cash collection statements with 
freight bills attached are passed to file 
clerk, who withdraws from the files 
labeled « Not cleared » cards covering 
items as entered on the collection state- 
ment, after which the cards are tabulated 
in detail. The total of the tabulated sta- 
tement is balanced with the total of the 
amount shown on cashier’s collection sta- 
tement. 

In order to show clearance, the cards 
covering the actual collections are punch- 
ed to show month, day, and year accord- 
ing to the cashier’s cash summary state- 
ment, and account number, and the cards 
are tabulated in detail. The total of this 
tabulation must likewise balance with the 
collections as shown on the cashier’s cash 
summary statement. 

When an amount covering outbound 
prepaid charges for which the waybill 
has not been issued is reported on a col- 
lection statement, a card is punched giv- 
ing reference in the column headed « Pro 
number » to the number assigned to the 


shipping ticket by the cashier. When 
the waybill covering the outbound pre- 
paid is issued, the serial number used by 
the cashier is likewise punched in the 
card under the caption « Pro number » 
and is matched with the card covering 
the prepaid charges paid, not billed, and 
both cards cleared from the account. 

Periodical reports covering demurrage, 
storage, switching, relief claims, and all 
other miscellaneous accounts are balanc- 
ed with the grand total of the cash book 
for each of these accounts. 

Totals in the station cash book are ac- 
cumulated daily and at the end of the 
month it is only necessary to add the totals 
for the last day’s business to the accu- 
mulated totals, after which the totals for 
the month are carried to the balance 
sheet. 

Cards not withdrawn from « Not clear- 
ed » files represent uncollected charges. 
These cards are tabulated in duplicate, 
the original statement being attached to 
the balance sheet in support of the 
amount entered thereon as uncollected. 

Immediately after the close of the 
month’s business, all cards covering items 
that have been cleared from the accounts 
are sorted, each account separately in pro 
number order on the received side, way- 
bill number order on the forwarded side. 
No separation in the accounts on the in- 
bound and outbound business is made 
as between cily and the various connect- 
ing line accounts. After the cards have 
been properly sorted, tabulated state- 
ments are prepared and bound for record 
purposes. 

The foregoing plan can be adapted to 
any style of card and printing tabulating 
machines. It is also possible to. extend 
this plan to include all details in connee- 
tion with the zone plan of station ac- 
counting. . 
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The heat treatment of rails in service. 


The war against corrugated wear, 


By Epmonp MARCOTTE, 


PRIZE MEDALLIST OF THE INSTITUT DE FRANCE, PROFESSOR AT THE ECOLE DES TRAVAUX PUBLICS 


Figs. |] and 2, pp. 541 and 542, 


(Le Génie Civil.) 


THE WEAR OF RAILS. — The excessive 
wear on certain sections of tramway 
lines, is a matter which causes the ope- 
rators much anxiety. The papers read 
before the General Technical Meeting of 
the Union des Voies ferrées et des Trans- 
ports automobiles (Light Railways and 


Motor Transport Companies Association) _ 


reflected this feeling. Much interesting 
information on the subject will-be found, 
especially in the report presented at the 
IVth General Meeting, by Mr. Gros, Chief 
Civil Engineer of the Société des Trans- 
ports en Commun de la Région Pari- 
sienne-(5. LG? 1g. Pele 


Wear, due to rubbing, grinding, slip- 
ping, shocks, and vibrations, increases 
very rapidly with the weight and speed 
of the vehicles, the frequency of stops, 
and the rate of acceleration, negative 
when stopping, and positive when start- 
ing. The wear of rails grows in this 
way, and to an annoying extent, in those 
parts of the system carrying an intense 
traffic. 


In addition, — especially on curves, or 
gradients — the wear of the running sur- 
face shows itself in the form of undula- 
tions, or corrugations, at first very small, 
but which soon become very evident, 
and soon cause the rolling stock, and 


the formation, to be subjected to destruc- 
tive vibrations (*). 


REFACING THE RUNNING SURFACE BY ME- 
CHANICAL MEANS. — When the corrugated 
wear appears on short length sections, 
the grinding arrangement devised by 
Mr. Gros can be used. 

A triangular guide can be set by 
means of a screw, so that the grind- 
ing wheel can move in parallel with 
the surface to be ground. In this 
way, 2 to 7m. (6 1/2 to 23 feet) of man- 
ganese steel rails, can be levelled off per 
day, 2 to 3 mm. (0.079 to 0.118 inch) 
being removed. There are also other 
devices of the same kind. 

When the corrugations extend over a 
considerable length, a plant of greater 


‘ capacity must be used. The S. T. C. R. P. 


use a lorry 2.50 m. (8 ft. 2 1/2 in.) long, 
the chassis of which is fitted with four 
planes each with ten blades of special 
« triple express B » steel, which are set 
to the correct cutting angle. The neces- 
sary pressure on the planes is provided 


(4) The corrugated wear of rails, has been investi- 
gated by Mr. Ch. Fremont in the Génie Civil of 
the 13 November 1926, vol. LXXXIX, No. 20, 
p. 425 and of the 1 October 1927, vol. XCI, No. 14, 
p. 326, See also the Bulletin if the Railway Con- 
gress, April 1928, p- 275. 
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by a counter-weighted lever, and cutting 
is facilitated by using plenty of water. 
This tackle is hauled by a motor, which 
can travel at a steady speed of 4 km. 
{2.5 miles) an hour, in both directions, 
when the work is being done. 

On the average 180m. (197 yards) of 
single line, can be planed during a 
night: the output naturally depends 
upon the hardness of the steel, and the 
depth of the corrugations, which can not 
be removed in a single cut in all cases. 

Various types of planing machines 
have been designed. 

Mr. Bacqueyrisse, General Manager of 
the S. T. C. R. P., when taking part in the 
discussion on Mr. Gros’s paper, stated 
that he thought the best machine was the 
ene that was also the simplest. The ma- 
chine just briefly described, uses bogies 
all companies possess: all that is needed, 
is to fit to them planes which are readily 
made, the cost of the machine being also 
very low. 


Effectiveness of planing. — The per- 
jiod during which the track, after plan- 
ing, remains in good order, provided the 
operating conditions remain unchanged, 
does not depend only upon the quality of 
the rail itself. For example, if the rail 
is one that does not normally show cor- 
rugated wear, and if the corrugations are 
due to accidental causes, the corrugated 
wear will not recur. A defective joint can 
start corrugated wear on the two rails, 
but if the rails are planed after the de- 
fective joint has been repaired, the cor- 
rugated wear will not reappear. 

The removal of corrugated wear by 
planing is therefore good practice, since, 
if it is not done at once, the track will 
soon become unusable. None the less, 
planing is not a general and certain cure. 
It is therefore necessary to find some 
more thorough remedy than planing. 

If the joints can be maintained in good 
order, it is hardly possible to suppress 
the up and down gradients and curves, 
nor the oscillations of the rolling stock, 
nor alter the traffic or number of stops. 


It is therefore on the rails alone that 
action can be taken. 


SORBITIC STRUCTURE. — We have al- 
ready dealt with the question of the sur- 
face hardening of new rails, when being 
rolled by the C. P. Sandberg process in 
use at the Hagondange Works, and now 
being installed at the Micheville Steel 
Works (1). 

This process gives the rail a sorbitic 
structure. It is of value, not only against 
ordinary or corrugated wear, but also 
against the breakage of rails laid on 
sleepers and subjected to bending, be- 
cause this structure is the one most suit- 
able for hindering superficial fissuration 
from extending into the inside of the 
rail. This has been proved by many ex- 
periments on a large scale, in America 
and in England. 

Further tests under difficult condi- 
tions, have been taken in hand in Fran- 
ce, to see to what extent this improve- 
ment is maintained under the effects 
of frequently repeated slipping. This 
struggle to overcome the accidental 
breaking of rails, is of importance to the 
railway companies, because accidents 
resulting from the fracture of a rail are 
often of a very serious character. 


TREATMENT OF RAILS IN POSITION. — 
In the case of tramway rails in use, laid 


Fig. 4. — Macrograph of a rail treated in situ. 
(The dark lenticular part indicates the harde- 
ned zone. ) 


in the roadway and consequently very 
costly to renew, the same inventors have 
suggested a method of treatment which 


(1) See the Génie Civil of the 22 October 1927, 
Vol. X€I, mo 4%,-ps 411. 
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Martensite. 


Troostite-martensite, 


Sorbite. 


Sorbite-ferrite. 
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Ferrite-pearlite. 


Fig. 2. — Macrograph of a rail treated 
in situ (385 magnifications). 
(Transition zone between the mar- 


tensitic and the ordinary struct- 
ure of the rail). 
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consists in heating the middle part of 
the running surface, by means of the 
oxyacetylene flame, and subsequently 
cooling down the rail with a jet of water. 
The necessary equipment is fitted on a 
trolley which can be so arranged, that the 
burners are moved forward at a prede- 
termined rate. In this way, it is pos- 
sible to obtain the hardest structure 
known, namely, the martensitic. 

The conditions of heating, the type of 
burner, its capacity, the quantity of cool- 
ing water, the speed of movement of the 
burner, are all known very exactly, as 
the result of many tests, carried out on 
more than 1000 km. (620 miles) of Jine. 


In practice, the ordinary structure of 
the running surface of the rali, can be 
definitely changed to perfectly hard and 
wear resisting martensite (fig. 1) to a 
depth of 5 to 6 mm. (3/16 to 1/4 inch). 

Between the martensitic layer and the 
part of the rail unaffected by the heat 
treatment, there are layers gradually de- 
creasing in hardness from that of mar- 
tensite to that of the ordinary steel. 

Underneath the martensitic layer will 
be found in consequence, the following 
layers (fig. 2): 


troostite martensite, 

sorbite, 

sorbite ferrite, 

the ordinary mixture of ferrite and 
pearlite. 


The gradation in depth of the differ- 
ent structures is the best one can obtain. 
Certain people, however, think it would 
be of greater value to endeavour to get 
the sorbitic structure alone (as is done 
in the case of new rails treated at the 
works) instead of the martensitic. Obvi- 
ously by moderating the cooling off, as 
for example by setting the jet of water 
further from the burner, it is possible to 
obtain the sorbitic structure to a depth 
of 5 to 6 mm. (3/16 to 1/4 inch) or 
more; but in this event, the surface struc- 
ture under micrographic examination 
shows the presence of troosite embedded 
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in a martensitic matrix; this is not the 
way to get the full hardness that can 
only be obtained from the pure marten- 
sitic structure. 

Everything, therefore, should be done 
to avoid any action liable to moderate 
the cooling off to any appreciable extent, 
except as we shall see further for high 
carbon rails. 


Mechanical characteristics of the treat- 
ed rails. — The following is a summary 
of the observations recorded in various 
test houses : 


1. Under a load of 50 t. (49.2 English 
tons) a 19 mm. (3/4 inch) Brinell ball 
leaves no appreciable impression on the 
running surface. 


2. The normal hardness of the harden- 
ed layer is expressed by the number 500 
for the Brinell standard test; the hard- 
ness varies naturally with the carbon 
content of the treated rails. 


3. The macrographic and micrographic 
examinations of sections of treated rails, 
show there is:no appreciable line of de- 
markation between the different layers 
of the metal, the change of structure 
being gradually merged into the original 
structure through the intermediate struc- 
tures. 


4. The shock or drop tests, reveal re- 
markable adhesion between the treated 
zone and the rest of the rail. 


5. If an attempt be made to chip the 
rail with a chisel and a 1 1/2 kgr. (3.3 1b.) 
hammer, the rail is hardly marked; the 
metal is neither broken nor even nicked. 

6. Furthermore, test pieces cut out 
from different depths, show that the 
treatment, when correctly applied, can 
prevent existing fissuration from deve- 
loping. 


Description of the equipment. — The 
equipment used when carrying out the 
treatment, consists of an acetylene gene- 
rator, six oxygen cylinders, and a water 
tank mounted on a trolley, which can be 


driven forward at slow speed and which 
carries in front of it, and near to the 
rail, the gear for heating (an oxy-acety- 
lene burner) and for cooling off (water 
jet). 

It would be possible to treat two rails 
at the same time, but as the forward rate 
of movement of the burner varies ac- 
cording to circumstances (it is control- 
led by the appearance of the rail after it 
has been heated), it is better to treat 
only one rail at a time. 

For the same reason, it does not ap- 
pear practicable to arrange for the for- 
ward movement of the trolley to be con- 
trolled automatically. It would not be 
impossible, however, to combine a pyro- 
meter placed close up to the rail, with 
a differential control of the forward mo- 
vement of the burner, and thereby be 
able to use several burners at the same 
time, with a corresponding reduction in 
cost. 

The acetylene generator is of the or- 
dinary commercial type with a capacity 
of 5 m? (177 cubic feet) per hour; the 
oxygen cylinders are of the usual pat- 
tern; they are coupled together in two 
batteries and connected to the burner in 
such a way, that when changing from 
one battery to the other, there is: no in- 
terruption in the flame. The burner 
used is the British. Oxygen Company’s 
pattern, with twin jets working at a 
pressure of about 3 hectopiezes. 

To prevent the regulators freezing 
through the high degree of expansion of 
the oxygen, they are surrounded by a 
water jacket heated by radiation from 
the flame of the burner. 


The amount of water used to cool off 
the rail and to protect the road paving 
by means of lateral jets from perforated 
tubes, is about 4 m? (880 gallons) per 
night (five and a half hours work). 

The work is done at night in order to 
avoid the interruptions which would ad- 
versely affect the regularity of the treat- 
ment. The forward speed depends upor 
the quality of the rail steel, and the me- 
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teorological circumstances when the work 
is being done. Normally 8 to 9 m. (26 to 
30 feet) of rails per hour, are treated, 
that is to say, about 220 m. (722 feet) 
week when using one trolley. 


Carrying out and checking the work, 
-—— The forward movement of the trolley 
should be under the control of an ex- 
perienced operator: the education of 
this workman takes little time, but he 
must be thoroughly conscientious, so that 
he can be relied upon to so regulate the 
movement that he always gets the same 
appearance and the same heat, according 
to the different qualities of steel, the at- 
mospheric temperature, and the fluctua- 
tions in the output and pressure from 
the acetylene generator. 

As we noted earlier on, the operation 
cannot be regulated automatically. The 
work can, however, be checked by 
means of a scleroscope, such as the 
small portable pattern using a ball. 

Special burners are available for use 
under exceptional conditions, such as on 
curves, but the jets are usually 14.3 mm. 
(9/16 inch) in diameter. 

The cones which direct the gaseous 
jets are set almost in contact with the 
rails. Below them, orange red discs, 
which are almost melting, will be seen 
to appear. From this point the only 
thing the operator has to take care of, is 
to propel the trolley forward as quickly 
as possible, so long as the coloured band 
so formed (which he watches through 
smoked glasses), remains the same co- 
lour, and the same width. 


The workman should be paid a pre- 
mium depending upon the uniformity 
with which the work is done. Treating 
the rails in situ, is essentially a day work 
job, and railway companies which have 
confided the work to a contractor at a 
price per linear metre, have not always 
been entirely satisfied with the result. 


Preliminary investigations. — Although 
the conditions under which the treat- 
ment should be carried out are perfectly 


known, and although it is always pos- 
sible to certify that a treated zone of an 
uniform width, depth, and hardness, will 
be obtained, it is always as well before 
starting to treat a large number of rails, 
to analyse the metal and to make a few 
tests on samples from the line to be 
treated and hardened. It will sometimes 
result in the position and especially the 
spacing of the jets being altered, as well 
as the cooling off and the speed of mo- 
vement of the trolley. It is of course 
most instructive when the preliminary 
trials are carried out on the track itself. 

It is unnecessary to repeal that the 
planing of the rails beforehand is essen- 
tial. A note should be made of all unsa- 
tisfactory places such as folds in the me- 
tal, corrugations and other defects in the 
track and joints, so as to treat only per- 
fectly sound rails. The greater part of 
the defective results, are due to a lack of 
care when examining the track prior to 
treatment. On the other hand, the pu- 
rity of the acetylene is unimportant, so 
that there is no need to use dissolved 
acetylene, the use of which would in- 
crease the cost. 


RESULTS OF THE TREATMENT « IN SITU ». 
— Resistance to ordinary wear. — When 
the wear after, and prior to treatment, 
is compared, the traffic has generally 
appreciably increased, so that the true 
saving due to the process is greater than 
that actually recorded. 

The average of the results obtained on 
the Bath, Birkenhead, Blackpool, Bolton, 
Bristol, Bury, Cardiff, Derby, Edinburgh | 
Glasgow, Hastings, Leeds, Liverpool, 
Manchester, London Metropolitan, New- 
castle, Preston, Reading, Sheffield, South 
Shields, Swansea, Wallasey and York 
tramways, shows that the wear of treat- 
ed rails, is less than half what it was 
previously under less difficult condi- 
tions. 

It has been calculated, in England, 
that 2777000 vehicles can run over a 
treated line before wearing away the 
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4.8 mm. (3/16 inch) layer the structure 
of which has been altered by treatment. 
On the London, Liverpool, Leeds, and 
Manchester systems, where the traffic is 
heavy, and where the many stops on 
heavy gradients necessitate heavy brak- 
ing, the number of vehicles passing 
before the layer hardened by the treat- 
ment is worn off, is as high as 2 146 000. 


Action of certain brakes. — In certain 
parts of London, however, on the County 
Council Tramways and on the Metro- 
politan Tramways, vehicles weighing 
20 tons running at 32 km. (20 miles) per 
hour have to be stopped quickly. The 
rails at these places last barely four 
years, and some have to be renewed at 
the end of two years. The treatment 
in situ can not be used, because it is 
destroyed by the temperature rising — 
in the rail and the brake shoe — above 
the critical temperature of the change of 
structure. 

Transverse fissures are found — 
rather closer together on the rail than on 
the brake blocks — fissures, obviously 
the result of a series of starts and slips, 


which bring the surfaces up to a dull 


red heat, attach them together moment- 
arily, then cause slip of the fibres of the 
metal which has become more malle- 
able through heating, each surface af- 
fecting the other. 


Resistance to corrugated wear. — 
The resistance of treated rails to cor- 
rugation, has been attested by many 
reports from British technical experts, 
who have examined treated sections of 
great length: 82 miles at Leeds, 52 at 
Liverpool, 83 at Manchester, etc.: We 
will report only the most characteristic 
examples. 

On 300 m. (328 yards) of line on curve 
(Victoria Embankment at London) the 
corrugations had to be planed off twice 


_ yearly: the Sandberg treatment was 


applied to the rails in sifu leaving 


‘witness rails untreated. This test was 


followed up during a number of years. 


After the passage of 3240000 vehicles, 
the treated rails showed no trace of 
corrugated wear, whereas the others 
were on the point of being renewed for 
the third time. 

Another test on the same system 
(London County Council) gave the same 
results. If on some tramway systems, 
corrugation appears at certain places in 
treated rails, it is always after a very 
long time, and only on rails which, 
owing to their low carbon content, 
cannot be hardened sufficiently. Fur- 
thermore, the length on which corruga- 
tion appears is always insignificant in 
comparison with that on which this 
type of wear appeared before treat- 
ment. 


Adhesion on treated rails. — Some 
engineers consider that the increased 
hardness may reduce the adhesion. 
Mr C. J. Spencer, General Manager of 
the Metropolitan Electric Tramways of 
London, carried out some tests whicn 
showed that the treatment in place has 
no appreciable affect on the adhesion. 
Certain atmospheric conditions make 
the braking difficult; dirt from the 
roadway may also cause slipping, but 
this occurs with all rails, treated or not. 


Flaking. — On more than 1000 km. 
(620 miles) treated, belonging to 42 dif- 
ferent systems, only about a thousand 
metres (1094 yards) have shown any 
tendency to flaking. 

Although this defect only affects 
1/1000 of the rails treated, it is suffi- 
ciently serious to be looked into. 

Naturally the flaking can be electrically 
welded, but it would be better to prevent 
it occuring. Each time flaking has 


occurred, a careful investigation has . 


resulted in the causes being ascertained. 
The two principal are: 


a) Break of continuity in the metal 
through segregation, inclusions, internal 
cracks, and other defects; 


b) Excessive carbon content. 
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Due to these causes, the following 
factors may aggravate the effects; 


c) Defective contact between wheel 
and rail, the effort transmitted being 
concentrated at a point becomes much 
more intense; 


d) Excessive treatment of rails with 
high carbon content. 

It is dificult to guard against internal 
defects, but the careful examination of 
the surface reveals all the defects 
affecting it, and which are, moreover, 
the most serious. 

As for the carbon content, this is never 
a reason for not treating the rail : it is 
only necessary to modify the cooling off 
to suit. 

The specific gravity of the martensite 
developed by the treatment increases 
with the carbon content: a high carbon 
rail will thereby acquire a high degree 
of hardness, and there is no use in treat- 
ing it like a mild steel rail. 

The result of the various observations 
recorded on the different systems is 
that: 


1. Nearly all the rails showing flaking 
were high carbon rails of not less than 
0.75 Y carbon. 


2. When rails of lower carbon content 
show flaking, it is due to defects that 
should have been seen had the inspection 
of the rails been done carefully. 


The investigations made by Mr. R. B. 
Holt, Engineer of the Leeds tramways, 
have shown that there is a limiting 
carbon content above which the treat- 
ment must be modified if the sudden 
cooling off is not to engender small 
internal cracks which will quickly 
develop. 

It was therefore decided to give up 
the practice of treating all rails as thor- 
oughly as possible. Since 1924-1925 as 
a result, the thermic treatment of lines 
laid with rails similar to those which 
showed signs of flaking, has not been 
followed by any such flaking. 


Thus at Toronto, the use of low press- 
ure apparatus has prevented — and 
entirely — since 1924 the formation of 
flaking which had caused the tramway 
company much anxiety. Flaking si- 
milar to that noted at Toronto, showed 
itself at Glasgow after the thorough heat 
treatment of American rails of the same 
composition; the causes and their effects 
being identical in the two cases, the 
same remedy produced the same satis- 
factory cure. 


Broken rails and fractured joints. — 
At Bournemouth, the breakage of certain 
rails was ascribed to this treatment. 
They occured on a section treated dur- 
ing a violent storm which interrupted 
the work frequently; each time the 
trolley rolled back a little so that when 
the work was resumed, a part already 
treated was again dealt with. 

This incident brought to notice the 
drawbacks of having to restart the work 
and the present practice is to leave a 
short gap between two parts treated in 
turn. 

In the early days, the treatment tended 
to remove the edges of the fish plated 
joints; this is avoided either by lifting 
the burners when passing over the joints, 
or by protecting the joints with clay. 

In the case of welded joints, the 
treatment in situ, can only do damage if 
the welds have been badly done, or are 
only surface welds : high carbon steels 


‘can only be welded with difficulty what- 
‘ever process be used, and it is necessary 


when it is desired to treat such rails, to 
prevent any movement at the joints, and 
also to protect them by clay pads. — 


Protection of road paving and _ sur- 
face. — There need be no fear of doing 
any damage to the road way; the edges 
near the rail should be protected by jets 
of water distributed through perforated 


tubes placed at the side of the burners. . 


This method satisfactorily — protects 
roadways whether paved (granite, sand- 
stone, or wood), asphalted, concreted or 
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of tarmacadam, and in general of any 
kind of surfacing. 

The cooling by water is sufficient to 
ensure that at 30 cm. (11 13/16 inches) 
behind the burner, the temperature 
does not exceed 32° C. (89.6° F.) this 
temperature falling to 21° C. at 1.50 m. 
distance (69.8° F. at 4 ft. 11 in.) Micro- 
meter measuring instruments inserted in 
the roadway or in the paving in the 
neighbourhood of the part under treat- 
ment, have in no instance recorded any 
movement. 


Depth of treatment. The efficacy of 
the treatment extends to the martensitic 
zone formed, 4 to 5 mm. (5/32 to 
3/16 inch) in depth, below which the 
hardness diminishes gradually: as we 
have said. 

When the wear has removed the larger 
part of the martensitic layer there was 
some fear of serious defects appearing, 
such as the wheels running on surfaces 
of varying hardness. In practice the 
depth of the martensitic zone and the 
transition zones below it is very uniform 
as has been proved from sections cut out 
of rails at many points, and examined 
macrographically and for Brinell hard- 
ness. 


Repeated treatment. The treatment 
in situ can be applied, after the marten- 
sitic zone has disappeared, a second, and 
- even a third time. This has been done 
at Leeds, Manchester, and Croydon, on 
considerable lengths carrying heavy 
traffic. Naturally it can only be done 
provided the rails when first treated, 
are not too far worn. 

It is easy to calculate the benefit 
there would be if rails in sections, 
where the traffic is heavy, were treated 
when new. 


It would also be possible to — 


deal with low carbon rails, and thereby 
prevent the loss of metal which occurs 
during the first year in service, a loss 
which often reduces by 4 mm. 
(5/32 inch), the vertical distance be- 
tween the running surface of the rail 
and the groove. shortening thereby — 
and appreciably — the total life to be 
expected from the rail. 


Conclusion. — .The Sandberg treat- 
ment in sifu, based on a very simple 
fact, has met many obstacles in its 
applications that have been overcome, 
thanks to the investigations of the inven- 
tors, and to the assistance of the En- 
gineers of the tramway companies; the 
latter having appreciated the benefits 
to be obtained from the treatment, were 
very anxious that the few detail defects 
should be overcome. 

The reduction in the general wear, 
the suppression of the corrugated wear, 
and the avoidance of too early renewal 
of the rails, with the corresponding 
disturbance of the roadway, can result 
in quite appreciable economies. The 
purchase of sorbitic rails on the one 
hand, and on the other the generalisa- 
tion of the martensitic treatment in situ, 
should therefore be encouraged. 


As regards the treatment in situ, for 
the tramway companies, it is a question 
of economy, without any danger, as 
much experience on over 1000 km. 
(620 miles) of line has more than amply 
proved. 

As for the sorbitic rails, for the 
tramway companies it is an economy, 
and it also gives greater safety. The 
tyres of the wheels themselves, can also 
be sorbitic; many thousands of such 
sorbitic tyres are in use on the railways 
of Great Britain. ——— 
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The relative values of the tests employed during the inspection 
of steel for manufacturing purposes, © 


By R. GRANJON, 


MANACER OF THE CENTRAL OFFICE OF THE AUTOGENOUS WELDING ASSOCIATION, PARIS. 


— 


Figs. 1 and 2, pp. 549 and 550. 


Under this title, we reproduced in the 
February 1929 number an article. by 
Mr. Ch. Frémont, published in the Génie 
Civil. This article resulted in the pub- 
lication in the same paper of a note 
which impartiality commands us to 
bring to our readers’ notice. 


(The Editor.) 


Mr. Ch. Frémont published in the 
Génie Civil of the 24 March 1928 (*) an 
article in which he cited and discussed 
the article published over our signature 
in the Bulletin de la Société dEncoura- 
gement pour UIndustrie nationale, of 
July-August-September 1927, under the 
title « Autogeneous welding together of 
parts requiring special care ». Further- 
more Mr. Ch. Frémont made and cut up 
for his demonstration, a spherical vessel 
in welded plate which burst through the 
original plate under hydraulic pressure 
carried up to rupture. 

We have the right and the duty to re- 
fute any matter we consider to be wrong, 
and to endeavour to restore the confi- 
dence of the readers of the Génie Civil 
in autogeneous welding. 


(4) This note has been submitted to Mr. Ch. Fré- 
mont who states he does not wish to modify anyth- 
ing he wrote in his article. (Note of the Editor of 
the Génie Civil.) ; 

(*) See Bulletin of the Railway Congress, Fe- 
bruary 1929 number, p. 168. 


Mr. Frémont quotes certain phrases 
from our article and in particular one 
of our conclusions which he states to be 
absolutely erroneous. 

Autogeneous welding, we said, can 
give an assembly of parts absolutely per- 
fect having a strength comparable with 
that which would be obtained if the 
same piece had been entirely forged, 
drawn, or pressed. 

And, as it was a question of static tests 
under hydraulic pressure up to bursting 
point, our contradictor remarks that 
such tests give no information as to the 
resiliency of the vessel tested. 

We will simply remark that, in the 
tests in question required by the « Con- 
seil d’Hygiéne de la Seine » (the Board of 
Health for the Seine department) under 
the circumstances reported, the static 
test under hydraulic pressure was the 
only one to be used as it was a question 


of seeing how cylinders full of com- 


pressed or liquified gasses built up by 
autogeneous welding would behave if 
the internal pressures to which they are 
usually subjected were steadily increas- 
ed as a result of rising temperature up 
to and inclusive of that due to the build- 
ing in which they were stored being on 
fire. 

The « Conseil d’Hygiéne du Départe- 
ment de la Seine » had therefore correct- 
ly selected the conditions by subjecting 
gas cylinders selected haphazardly to 
excess pressure tests up to bursting 
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(which occurred outside the welds) tests 
which are not so anodyne as Mr. Fré- 
mont was good enough to say, when they 
are carried up to bursting which is in 
no way the case in the tests of boilers, 
etc., carried out by the Service des Mi- 
nes, wherein the elastic limit is never 
reached. 

Let us now consider the resiliency 
tests Mr. Frémont considers so impor- 
tant and to which we too attach the 
greatest weight, when it is a question of 
investigating brittleness. 

An autogeneous weld properly carried 
out with the usual materials used in the 
trade, will have the resiliency of the 
metal as melted, from which it is made. 
We said in the article (from which only 
certain lines were quoted) that the gen- 
eral or particular mechanical properties 
of such an assembly can be improved so 
as to make those of the weld equal to 
those of the adjacent metal, by adding to 
the applied metal suitable elements : 
manganese, nickel, vanadium, molybde- 
num, etc. 

Let us ignore this practice although it 
is well established, and let us suppose 
we are dealing with mild Martin steel 
plates welded with Swedish iron or spe- 
cial mild steel rods, as is the general 
practice. 

The resiliency of the resulting weld 
will be that of the metal as melted, that 
is to say more than good enough to stand 
the stresses, even if very abnormal and 
repeated, to which it may be subjected 
if care has been taken to see its position 
is suitably selected to ensure its work- 
ing under reasonable conditions. 

Mr. Frémont was right in wishing to 
ascertain the resiliency of the welds: 
unfortunately, he appears to have been 
curiously deceived in the selection of his 
materials. 

I took, he said, a sphere of steel plate 
formed of pieces autogeneously welded 
together which had burst through the 
original metal under hydraulic pressure 
test carried up to fracture. 


He then gave a photograph of the said 
sphere (fig. 1) which we know well, 
seeing we made it. But what our critic 


Fig. 14. — 9 7/8 inch diameter sphere made 
of steel plate, 
5/64 inch thick, welded autogeneously. 


undoubtedly did not know, was that this 


sphere was not spherical at first : it was » 


indeed built up of « pieces joined to- 
gether by autogeneous welding » but in 
the form of a cylinder : the sphere was 
only the result of the test under pressure 
carried up to fracture (through the plate 
itself) at 110 kgr. per cm? (1 564 Ib. per 
square inch). 

The photograph (fig. 2) shows at the 
centre the parts of the vessel, to the left, 
the welded cylinder [height 210 mm. 
(8 1/4 inches), diameter 215 mm. (8 1/2 
inches), thickness of the plate 2 mm. 
(5/64 inch) ] and to the right, the sphere 
obtained under hydraulic pressure, 
which is the one Mr. Frémont used, or 
one identically like it. 

Let us allow that this static test de- 
monstrates nothing... 

But the test of resiliency by shock, 


A a= at 


Fig. 2. — In the centre, the parts to be welded; to the left, the welded vessel; to the right, the same 
become spherical under a hydraulic pressure of 110 kgr. per cm? (1 564 lb. per square inch). 


carried out on the welds of this same 
sphere which had been subjected to con- 
siderable stresses and the metal of which 
was fatigued and stressed to the maxi- 
mum extent, could not be correct. These 
conditions obviously render valueless all 
the tests made by Mr. Frémont and de- 
scribed with complacency in his article 
in order to arrive at the conclusion that 
autogeneous welding can be the cause of 
serious accidents. 

It is true all the plates are fragile and 
all the welds too; it is a question of de- 
gree, very useful to determine, but which 
one should take care to arrive at under 
suitable conditions. 

With his characteristic enthusiasm and 
honesty, he wished to throw light on his 
beliefs about the resiliency of welds 
which a static test had left intact; he 
committed a mistake about the origin of 
the sphere which came into his posses- 
sion, and he will be the first to admit it. 

We have a further reproach to make 


to him, that is with regard to the test 
piece he reproduced in figure 4 of his 
article; we can hardly be expected to 
agree that the shock test of an autogene- 
ous weld should be made on a test piece 
of a greater thickness, or with globules 
of melted metal, at the middle of the 


joint, which gives rise to resistance at . 


this point and results in a fracture start- 
ed in the angle as in the case of a 
notched bar. 

We have often regretted that Mr. Fré- 
mont in his various investigations on the 
strength of units assembled by welding, 
should take as standards, welds deplor- 
ably badly made; we are at his disposal 
to have welds made in his presence by 


. professional welders, who may be se- 


lected haphazardly by him if he wish. 

He will then be able to carry out such 
trials and tests as he wishes and we 
shall be delighted if he will comment 
thereon for the benefit of the readers of 
the Génie Civil. 
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Highway crossing protection. “’ 


Figs. 1 to 16, pp. 552 to 563. 


History, theory and practice. 


In the day of horse-drawn vehicles, 
adequate protection at higway crossings 
was afforded by placing conspicuous 
signs at the crossing, one sign generally 
sufficing for a single or double-track 
crossing, the lettering on the sign con- 
forming with the ideas of various rail- 
road officials, State laws or State author- 
ities. It was required that the engine 
whistle be sounded at varying distances 
from the crossing — 1/4 mile being the 
most favored; the engine bell to ring 
until the train reached the crossing. 

The speed of horse-drawn vehicles 
was such that to avoid arriving at the 
crossing at the same time as the train, 
they had to be quite close in order to 
hear either the engine whistle or the bell 
when the train was 1/4 mile away. Fur- 
ther, the radius of travel of a horse- 
drawn vehicle was, except where people 
were touring the country, fairly short; 
the drivers knew the location of all 
the crossings and were familiar with 
the train service over each. For these 
reasons, accidents were infrequent. If 
any additional warning was required, 
crossing bells, and, in some cases, watch- 
men and gates, were provided. 

With the advent of the automobile the 
entire situation changed. Drivers were, 
in many instances, unfamiliar with the 
local conditions. The-speed of the auto- 
mobile at times equalled the speed of the 
train. Noises incident to operation of 


the automobile, especially of trucks, pre- 
vented the drivers from hearing the en- 
gine whistle, engine bell, and also the 
highway crossing bell far enough distant 
to stop short of the crossing. 

According to the Bureau of Railway 
Economics statistics there were 252 507 
grade crossings in 1921 and this number 
increased to 258045 in 1924. During 
the same period 3 240 grade crossings 
were eliminated at an estimated cost of 
$194 400 000, giving an average cost of 
$60 000 per crossing. This is a very 
conservative figure. 

The number of protected crossings 
increased from 40779 in 1921 to 42 590 
in 1924 and the number of unprotected 
crossings from 211 728 in 1921 to 215 455 
in 1924. 

According to 1917 Interstate Commerce 
Commission reports, 61 % of the casual- 
ties at grade crossings involved automo- 
biles and by 1925 this figure had increas- 
ed to 85 %. From 1917 to 1925 inclu- 
sive, there were approximately 12 000 
people killed in grade crossing accidents 
in which automobiles were involved. 

Recognizing these changed conditions, 
a special committee of the American Rail- 
way Association, Mr. James A. McCrea, 
Ghairman (then General Manager of the 
Long Island Railroad), was appointed in 
1915 to make recommendations as to 
more adequate protection. Realizing 
that one of the fundamentals is uniform- 
ity, so that the information regarding the 
conditions may be given to the drivers 


(4) Copyrighted and reproduced by courtesy and permission of the Signal Section, American Railway 


Highway Crossing Protection. 


- Association, from their book on American Railway Signaling principles and Practices.— Chapter XXIII: 
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and pedestrians in the same way at all 
crossings the Committee recommended 
painting the crossing gates with black 
and white stripes; installation of stan- 
dard approach signs at a given distance 
from the crossing (these now being the 
well-known circular disc with white 
background and black cross and border, 
showing black letters « RR » on the white 
background); the display of red lights 
toward vehicular traffic on crossing 
gates and in the hands of the watchmen, 
and the well-known stop sign to be used 
by the watchman during daylight. The 
report was adopted by the American 
Railway ‘Association in 1916. The Com- 
mittee also recommended regulations for 
the use of watchman’s signal which were 
adopted by the American Railway Asso- 
ciation. This Committee was continued 
from year to year as the Committee on 
Grade Crossing Protection and Trespas- 
sing, and, on 3 August 1921, Chairman 
C. L. Bardo requested the Signal Section 
of the American Railway Association to 
consider the question of standardization 
of mechanical) or electrical devices in- 
stalled at highway crossings as a substi- 
tute for crossing gatemen and flagmen, 
and make recommendations. Committee 
XX—Highway Crossing Protection, of 
the Signal Section, appointed 5 June 
1921, Chairman J. B. Latimer, met in 
New-York on 18 November 1921, and 
reported to the Signal Section in March 
1922. The Committee again reported to 
the Annual Meeting in June 1922. <A 
part of the June 1922 report was approy- 
ed by letter ballot. 

In June 1922, the personnel of the 
Committee was changed and A. H. Rudd 
was appointed Chairman. At the 1923 
Annual Meeting, the following resolution 
prevailed and was adopted as recom- 
mended practice : 


« That an electrically or mechanically- 
operated signal used for the protection of 
highway traffic at railroad crossings 
shall present toward the highway, when 


train, the 
swinging 


indicating the approach of a 
appearance of a horizontally 
red light and/or disc. » 


At the 1925 Annual Meeting, requisites 
for highway crossing signals were ap- 
proved and adopted as recommended 
practice. 

The requisites for highway crossing 
signals, as of date of issue of the chapter, 
are as follows : 


Requisites for highway 
crossing signals. 


1. Aspect. — An electrically or me- 
chanically-operated signal used for the 
protection of highway traffic at railroad 
crossings shall present toward the high- 
way, when indicating the approach of a 
train, the appearance of a horizontally 
swinging red light and/or disc. 


2. Location, — The railroad standard 
highway crossing sign and the signal 
shall be mounted on the same _ post. 
Either a signal of the flashing light type 
or one of the wig-wag type may be used, 
but both should not be placed on the 
same post. No lights, markers or signs, 
other than those provided in the requi- 
sites, shall be placed on this post. 


3. Operating time. — Automatic signal 
devices used to indicate the approach of 
trains shall so indicate for not less than 
20 seconds (1) before the arrival of the 
fastest train operated over the crossing. 


Flashing light type. 


4. Height. — The lamp should prefer- 
ably be not less than 6 feet nor more 
than 9 feet above the surface of the high- 
way. 


5. Width. — The two lamps shall be 
mounted horizontally 2 feet 6 inch cen- 
ters. 

(1) Local conditions may require a longer operat- 
ing time; however, too long an operation by slow 
trains.is undesirable. 
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6. Flashes. — Lights shall flash alter- 
nately. The number of flashes of each 
light per minute shall be 30 minimum, 
45 maximum. 


7. Hoods. — Lamp units shall be pro- 
perly hooded. 


8. Range. — When lamps are operated 
at normal voltage, the range, on tangent, 
shall be at least 300 feet on a clear day, 
with a bright sun at or near the zenith. 


9. Spread. — The beam spread shall be 
not less than 3° each side of the axial 
beam under- normal conditions. This 
beam spread is interpreted to refer to 
the point at the angle mentionel where 
the intensity of the beam is 50 % of the 
axial beam under normal conditions. 


10. — Lenses or roundels. — Size shall 
be 5 3/8 inches minimum, 8 3/8 inches 
maximum. 


11. Transmission values (for red lenses 
and roundels). — Based on A. R. A. stan- 
dard scale, should be 150 to 220 where 
plain cover glass with reflector is used; 
220 to 300 where signals are used with- 
out reflectors or where the ribbed 
Spreadlite lens is used in front of the re- 
flector. 


12. Short range indication. — Signal 
shall display a satisfactory short range 
indication. 


13. Peep holes. — Peep holes may be 

used. = 
Wig-wag type. 

14. Length of stroke. — Length of 
stroke is the length of chord which sub- 
tends the arc, determined by the center 
of the disc in its extreme positions, and 
shall be 2 feet 6 inches. 


15. Disc. — Size and painting of disc 
shall be as shown on A. R. A. Signal Sec- 
tion 1553. 


16. Number of cycles. — Movement 
from one extreme to the other and back 


constitutes a cycle. The number of 
cycles per minute shall be 30 minimum, 
45 maximum. 


Flashing light and wig-wag highway 
crossing signals were presented at the 
1927 Annual Meeting and are now recom- 
mended practice. In the flashing light 
type the lights flash alternately, giving 
the appearance of a swinging light, the 
number of flashes per minute being prac- 
tically the same as the number of swings 
of the wig-wag disc. It will therefore be 
observed that all types of highway cross- 
ing signals give the same information in 
practically the same way, particularly at 
night when most needed. 

Signals of the flashing light type have 
been favorably received in the eastern 
part of the United States, very few wig- 
wag signals being installed. In the west- 
ern part of the United States, signals of 
the wig-wag type have been installed for 
many years and uniformity wiil be better 
attained by continuing the installation of 
this type. In the southern part of the 
country various types of signals have 
been used and a standard can only be 
attained by substituting either the flash- 
ing light or the wig-wag type; most roads 
are installing the former. In Canada the 
wig-wag type is used generally. 

The Special Committee on Highway 
Crossing Protection has not made any re- 
commendations as to the use or non-use 
of bells. Bells are more difficult to main- 
tain in an operative condition than either 
the flashing light or wig-wag signal. If 
made to sound loud enough to be heard 
by the drivers of trucks and _ other 
heavy vehicles, they are an annoyance 


to the residents and, conversely, if 


not loud enough to be annoying, they 
cannot be heard by the drivers. There- 
fore, as a protection for automobile traf- 
fic, they are not of sufficient value to 
warrant their installation. However, 
where pedestrian traffic is heavy, espe- 
cially in the neighborhood of schools, 
their use as an adjunct to the visual sig- 
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nal and for the sole purpose of warning 
pedestrians is in some cases justified. 
They need not be so loud as to cause an- 
noyance, 

The American Railway Engineering 
Association has recommended a standard 
crossbuck sign for use with signals of 
either the flashing light or wig-wag type. 
This sign is smaller and of different de- 
sign than the more conspicuous crossing 
sign recommended for use where there 
are no signals to indicate the approach 
of trains. The recommendations of the 
Signal Section in regard to the height 
above the street level should be complied 
with. 

One remaining problem, on which 
standardization is doubtful for a consid- 
erable length of time, is the location of 
these signals with respect to the vehi- 
cular traffic. Some Public Service Com- 
missions desire them located in the cen- 
ter of the highway; in several States, the 
Highway Commissions refuse approval 
of such location on account of the ob- 
struction in the highway. In other States, 
both the Highway Departments and the 
Public Service Commissions desire the 
signals located preferably to the right of 
the road. In cities and towns where 
traffic signals are located in the center 
of the highway, the center is probably the 
logical point to-place the highway cross- 
ing signal, while in the open country, it 
would seem better to place them at the 
side of the road, preferably to the right 
where drivers naturally look for signs. 

The theory of highway crossing pro- 
tection is that a driver shall first be ap- 
prised by an approach sign (which may 
perhaps in the future be illuminated, as 
more and more highways are being 
lighted) that he is approaching a cross- 
ing; second, by some indication, pre- 
ferably a reflecting sign close to. the 
crossing, that there is no signal to 
indicate the approach of trains, and 
that he must by his own alertness pro- 
tect himself; and third, by the display 
of flashing light or wig-wag signals at 


the crossing which indicate the 
proach of trains. 

In a number of localities, the author- 
ities have requested the substitution of 
highway crossing signals for crossing 
watchmen, on the basis that they are 
more reliable than the human agency 
and, in other localities, in place of 
gates, especially where such gates were 
operated only part time, recognizing 
that a raised crossing gate is one of 
the most insidious invitations to high- 
way users to cross the tracks and that 
the crossing is particularly dangerous. 
when the gates are unattended. 

The practice of painting on hard roads. 
two parallel lines with letters « R.R. » 
between them approaching the crossing, 
and stripes, similar to those on a cross- 
ing gate nearer the railroad, is highly 
commendable. This painting is being 
vtapidly extended and is growing in fa- 
vor. This marking is ideal but may be 
obscured by snow and it is not applic- 
able to dirt roads. As an adjunct to 
other signals it is invaluable, and in some 
of the Southern States should, in many 
cases, be all the approach warning 
needed. 

Many suggestions have been made that 
additional approach warning: be given. 
Changes in the highway surface or align- 
ment, obstructions in the center so that 
vehicles must slow down to drive around 
them, sharp reverse curves on both sides 
of the railroad and roughening the sur- 
face so that automobiles will be forced 
to reduce speed have been advocated. It 
is claimed that such devices would tend 
to concentrate the driver’s attention on 
the immediate handling of his automo- 
bile and take his attention entirely away 
from the railroad crossing. It now is. 
the consensus of the best informed that 
the safest crossing is the straight-away, 
smooth and level one so automobiles can 
be handled to the best advantage and 
which reduces the possibility of stalling 
on the crossing to a minimum. 

Some States have laws requiring vehi- 


ap- 


cles to stop before crossing. However, 
away from towns and cities where the 
view is good, there is no need for such 
stop except for the purpose of obeying 
the law, and the tendency of the driver 
is to keep going,as no danger is involved. 

It is good psychology thal an unneces- 
sary or unreasonable requirement is not 
cbeyed as well as one wherein the rea- 
sonableness appeals to the public and, in 
many places, such laws cannot be obeyed 
without tying up traffic. Slowing down 
is better if drivers can be ‘educated to 
shift to low gear to prevent possible stal- 
ling on the crossing. 

An ideal arrangement of signals in ad- 
dition to marking the highway would be 
the equipment of every motor vehicle, 
with a low light on the right side, shield- 
ed from view of approaching vehicles, 
with rays focused on or near the ditch, 
approach signs of standard size and ap- 
pearance equipped with a reflecting sur- 
face, similar signs at the crossing, and 
in addition flashing light or wig-wag sig- 
nals where local conditions warrant such 
protection. 

The possibilities of the flashing light 
or wig-wag highway crossing signal are 
not yet generally recognized. 

Several types of automatic gates are 
being exploited. Some have been instal- 
led. Their use introduces dangers. Hiigh- 
way crossing signals, on the other hand, 
do not drop on a vehicle or impose a 
sudden barrier as vehicles approach the 
crossing, or a barrier to prevent the driv- 
er of such vehicles from leaving the 
crossing. Remote control of gates has 
been advocated, but such control intro- 
duces dangers, whereas the remote con- 
trol of crossing signals is feasible and 
would be, in many cases, advantageous. 
Highway crossing signals ure operated in 
the majority of cases by track circuits on 
main tracks; most of those now in opera- 
tion on double or more tracks being ope- 
rated in the direction of traffic only, 
although in recent installations they are 


made operative by trains in either direc- 
tion. Movenients on sidings do not ope- 
rate these signals, such movements being 
protected on most railroads by the train- 
men acting as watchmen. Where switch- 
ing is done within the circuit, the sig- 
nals sometimes give misleading informa- 
tion. The operation of such signals non- 
automatically, that is, controlled by a 
watchmen at some central point, and 
protecting five or six crossings on the 
approach of a train or when shifting is 
being done, is entirely feasible and, by 
such use, protection would be given for 
movements on sidings as well as on main 
tracks. Instead of having a signal start 
to operate at a fixed point, regardless of 
the speed of the train, the crossing watch- 
man using good judgment can afford as 
much and perhaps more protection than 
an automatic device, and, at the same 
time, facilitate traffic on the highways. 


Flashing light signals. 


A flashing light signal consists of two 
lamps mounted 2 feet 6 inches center to 
center on a horizontal support arm fast- 
ened to a pipe or concrete post 6 to 9 feet 
from the ground. s 

Each lamp unit consists of a cast fron 
case which houses the electric lamp. In 
the front of the case'is a red lens and 
cover glass. A hood is placed above the 
cover glass to obscure the direct rays of 
the sun. 

One signal is placed on each side of 
the track, facing travelers on the highway 
as they approach the crossing and either 
to the right or in the center of the road, 
as local conditions permit. 

In some cases, where two or more 
streets intersect at or near the crossing, 
it is necessary to place additional lamp .- 
units to protect traffic on all streets. 

When operating, the lights on each set 
of lamp units flash alternately and are 
timed so as to present the appearance of 
a horizontally swinging red light. The 
number of flashes per minute should be 
between 30 and 45. 
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Fig. 44. — Wiring diagram for direct current or single phase 


alternating current motors. 


Reversing Drum 


220 Volts 
3Phase 
60 Cycle 


Leads to tuse box limit 
switch &motor on other 
post when operating two 
gates simultaniously 


Fuses 


To outside 
lines 


Fig. 15. — Wiring diagram for three-phase motor. 
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Fig. 16. 


The flashing of lights alternately is ac- 
complished by means of a flasher relay 
through which the light circuits are 
opened and closed alternately. The 
flasher relay is described in detail in 
Chapter VI: Direct current relays. 

Current is fed to the lights through the 
flashing relay from another relay or con- 
trolling switch, the contacts of which are 
closed when a train is approaching. | 

The standard method of wiring requi- 
res that in case the flasher relay fails to 
operate, at least one light on each signal 
will burn constantly. — 

The signals may be controlled automa- 


tically or manually. 


Probably the simplest and most com- 


mon form of automatic control on single 
track is by means of an interlocking re- 
lay, both sides of which are connected 
to, or controlled through, track circuits 
extending in both directions the proper 
distance from the crossing. With this 
type of control, the signal operates from 
the time a train enters the operating sec- 
tion until the rear of the train passes the 
crossing. The directional operation is 
accomplished through the interlocking 
feature of the relay. The interlocking 
relay is described in detail in Chapter VI: 
Direct current relays. 

There are several schemes of automa- 
tic control in use, some of which are 
illustrated in figures 9, 10 and 11. 
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A manually-controlled signal operates 
when crossing watchman closes the con- 
trolling switch and cuts out when he 
opens it. 

Unless alternating current is available, 
the cost of operating flashing light sig- 
nals is high, as the only alternative is the 
use of primary batteries. 

With alternating current available, very 
low operating cost is assured; however, 
« stand-by » equipment must be provided 
to insure continuity of operation when 
the power is off. 

The « stand-by » equipment may con- 
sist of primary or storage batteries. When 
storage batteries are used they are usual- 
ly charged by what is termed the alter- 
nating current floating method, which 
method is described in Chapter IX: Rec- 
tifiers. 


Wig-wag signal. 


A wig-wag signal usually consists of a 
round disc fastened to one end of a rod, 
the other end being pivoted, and operat- 
ed electrically. In the center of the disc 
a lamp with red cover glass is provided 
for the night indication. When operat- 
ing, the disc swings horizontally. 

There are two types of operating me- 
chanisms used : motor-driven and ma- 
gnetic. The magnetic type is favored by 


’ several roads on account of the absence 


of gears and other parts which require 
frequent replacements. 


_ These signals are made to operate on 


either alternating or direct current at va- 
rious voltages. 

The control of the signal, other than 
local wiring, is the same as for flashing 
light signals. 


Maintenance. 


1. Voltage at lights must be maintain- 
ed at prescribed value. 


2. Battery and relay housing must be 
kept clean. 


3. Wiring must be inspected and 
checked at regular intervals. 


4, All parts of apparatus exposed to 
the weather must be kept painted. 


5. Lamp supports must be adjusted so 
that a good view from the highway is 
secured. 


6. Relays must be inspected frequently 
and tested at regular intervals. 


7. All electrical connections must be 
kept clean and tight. 


8. All moving parts of mechanism 
must be lubricated as specified by the 
manufacturer. 


9. Operating mechanism must be kept 
in proper adjustment. 


10. Signals should be tested or observ- 
ed daily to insure reliable operation and 
record of performance made. 


Highway crossing gates. 


Where vehicular traffic is heavy, as 
on some city streets, manually-operated 
gates are used generally. 


When a train is approaching the cross- 
ing, the watchman lowers the gates 
across the highway, thereby holding traf- 
fic until the train has passed over the 
crossing. 

There are three types of gates in gen- 
eral use today : namely, pneumatic, me- 
chanical and electric. 

Pneumatic gates are operated by com- 
pressed air which is controlled by the 
watchman by means of valves. In most 
cases, the air is pumped by hand, but 
at busy crossings motor-driven compres- 
sors are used, or air is obtained from an 
air line used for other purposes. 


Mechanical gates are either pipe, wire 
or chain connected to operating levers 
or cranks. 


Electric gates are operated by indivi- 


dual electric motors which are control- 
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ted by hand switches or other control- 
-lers. Typical circuits for electric cross- 
ing gates are shown in figures 14 and 15. 


Crossing watchman’s annunciators. 


In order that the watchman may be 


warned of the approach of a train in — 


ample time to lower his gates where the 
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view of the railroad is obscured, annun- 
ciators are sometimes provided. 
Annunciator may be a bell, or buzzer, 
manually controlled by a watchman at 
another street, or it may operale automa- 
tically when a train approaches. In 


-some cases, visual indicator in addition 
to the bell or buzzer is provided. 


CURRENT PRACTICE. 


[ 6&5. Lh. (.54) ] 


New pattern of permanent way 
on the Great Indian Peninsula Railway. 


set e: 

The attention of our readers is called 
to the new pattern of permanent way 
laid on the Bhor Ghat section of the 
Great Indian Peninsula Railway. 

It is of interest as forming an inter- 
mediate type between the English de- 
sign using bull headed rails and chairs, 
and the track laid ea flat bottomed 
rails, 


sue 115th. ras are ee by flat i 
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bottomed rails; the chairs by soleplates | 


with side ribs between which the rails 
are held by two steel wedges. 


Whilst this new arrangement is inter- 


esting it would appear to be more 


than the ordinary method of laying flat 


bott. med rails. | 


The results ak by this design oe 


service will be we 
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